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SYNOPSIS 


"/ A brief review of the literature on precast 
concrete connections and the effect of repeated loads 
on reinforced and prestressed concrete structures has 
been presentedv^ The need for introducing load factor 
design, a concept of different rational load factors 
to different elements depending on the extent of un- 
certainties in their design assumptions and difficulties 
in construction has been discussed 


theoretical study has been made on the effect 
of variable joint load factor relative to the beam load 
factor on the strength and cost of the structure with 
reference to a single bay mltistoreyed is 

found that the strength increases upto a certain level 
of joint load factor and remains constant ?/hile the 
cost continues to increase with the joint load factor^ 
iment al investigation has been carried out with 
a view to study the behaviour with reference to strength 
and serviceability of precast prestressed portal frames 
with variable joint load factors uxider the action of puls** 
ating loads var^ring from fixed load level to working load 
level with occasional peak loads* 




X 


t 


, Based on the theoretical stud^^ and experimental • 
investigation different load factors, 1.4 to 1.5 for 
beams, 1.7 for columns and 1.9 to 2*1 for joints have 
been recotmiended. Load factors for the elements have 
to be chosen to obtain an overall factor of 1 .8 to 
2#0. At higher load levels greater than 75 % of ultimate 

' 

loads, the structure has been found to lose its servi- 
ceability in view of developing wide cracks though its 
strength not affected. Stiffness of the frames has been 
found to reduce with the increasing number of pulsations, 
the reduction being lesser for the higher values of ^ 

joint load factors 




lOTROroClilOH 


1,1 Purpose of a Structural Design : 

The purpose of a structural design is to provide 
a sti*ucture complying with user^s requirements, paying 
appropriate attention to overall economy, safety^ servi** 
ceability and aesthetics# The * economic factor* implies 
that the investment covering both the first cost and 
subsequent maintenance cost should be minimum. The 
provision for ’safety* requires that the risk of failure 
of the whole or part of the structure should be suffi*^ 
ciently small during its specified life; ‘Serviceability* 
implies that the structure has to retain an appearance 
not disquieting to the user and general public, that the 
cracks if any be kept to tolerable limits and that vibrations 
be minimized#. The provislpn ofafsi^^ica stipulates that the 
completed structure should fit into the environment and 
generally be pleasing to the eye,# 

Review of present design procedures: 

In general there are three basic approaches to 
the design of concrete structures ^ 
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i) working stress design , 

ii) ultimate strength design and , 

iii) limit state design ♦ 

1 ^2 Working Stress Design : 

This is a design criterion based on the permissible 
stresses, which are obtained on the basis of idealized 
elastic behaviour of steel and concrete. The permissible 
stress in concrete is a certain fraction of the cube 
strength or cylinder strength and in steel it is a fraction 
of yield stress or ultimate stress. The ratio which the 
yield stress of the steel or cube strength of concrete 
bears to the corresponding permissible or working stress 
is called the * stress factor of safety* or more briefly 
the *Factor of safety*. The members are so proportioned| 
that under working load conditions on the structure, the 
maocimum stresses in concrete and steel do not exceed the 
permissible stresses. The working load is taken as the 
sum of actual dead loads of the structure and an estimated 
maximum live load. The live loads also include the nornial 
wind loads. But when the loads such as storm loads earth- 
qualce forces and their combinations act on the structure, 
it will be overstressed beyond the permissible stress values. 
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Host of the codes allow higher permissible stresses for 
the combined action of the loads as the probability of 
such a combined load occurrence is rather smll# 

Permissible stresses adopted by the various 
codes of practice are given in Table 1 ,1 * Columns 3 to 6 
in the table Gi'V'e the allowable stresses under normal 
loads and column 7 gives the higher permissible stresses 
to be adopted for the combined loads or overloads# These 
loads, which occur rarely, may be due to the combined 
action of wind, earthquake and other forces or due to 
the accedental overloads in the normal loading itself# 

This provision of extra allowable stresses in some codes 
is arbitrary and is not based on the knowledge of the 
extent of actual overloading or combined loading, its 
frequency and its effect on the structure* It is therefore 
desirable to have a statistical basis for the assessment 
of the extent of overloading or combined loading beyond 
the normal load level and the frequency of its occurence 
on various types of structure, for a more rational design# 


TABLE 1 


ALLOTABLE STHESSES ALOPTEI) BY VARiajS CODES OB 

PRACTICE 


SI. 

No. 

Code of 
Practice 

Allowable 

Stress in 

Concrete 

Allow 
able 
Stress 
in steel 
in ten- 
sion 

Higher 
permi- 
ssible 
Stress 
in case 
of com- 
bined 
load 

llax.Pibre 
Stress in 
Compn# 

Max.Pibre 
Stress in 
Tension 

B(!Iax. Stress 
in direct 
Oompn. 

1 


3 

4 

5 

6 

7 

1 * 

I.S.I(l) 

0.33 to 

0.35 

0^033 to 

0.035 fl 

C 

0.24 to 

0.27 f ' 
c 

0*5 ^ly 

33-t/3f» 

more 

2. 

ACI (2) 

0.45 


0.25 f -y 


33-1/35^ 



more 

3. 

Russia (6; 

I 0.50 to 
0.55 

0.035 to 

0.055 f ' 
0 

0.40 to 
0.44 


- 

4. 

B.S.I.(4) 


- 

4 

0.55 f>y 

25fo 

more 

5. 

** 

CEB .PIP 
(7) 


- 

-JL. f I 

1 .5 c 




Note ; 


** Pactors given Ly CEB-PIP mst Le considered in 
combination with load factors. 

* Pigures inside the bracket indicate the Reference 
number given in the Appendix* 

f^ : cube strength of concrete at 28 days 

f’ : cylinder strength of concrete at 28 days (| 

■ 0.75 to 0.80 


^sy' 


yield stress of steel in tension 
ultimate stress of steel in tension# 


1 : 

y 

f V 
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The working stress design gives no information 
regarding the actual factor of safety against the failure 
of a reinforced concrete member. However, it does give 
a realistic representation of conditions in a member at 
v/orking load and therefore is useful in predicting the 
behaviour characteristics such as deflections, crack 
widths etc. There are other drawbacks in the working 
stress design. The basic assumption in the design 
process that the materials behave elastically is not 
true especially at the higher ranges of stress values J 
Further the presumption that a single factor i.e. the so 
called * stress factor of safety* takes care of all the 
possible factors responsible for the destruction of a 
structure is not rational. 

1 .3 Ultimate Strength Design : 

This method is based on the more complete 
utilization of the actual properties of both steel and 
concrete. The members are designed based on the conditions 
just before the failure of the structure. They are so 
proportioned that the full strength of the cross section 
is just utilised when the ultimate load is applied. The 
ultimate load on the structure is obtained by multiplying 
the working load by a factor known as the *load factor*. 



Since this method permits the accurate evaluation of 
the strength capacities of the members, it predicts the 
safety factor against the failure. But this gives 
little information about the behaviour of the structure 
at the V/ or king load conditions. 

The most important deficiency of the ultimate 
stren^h and as well as the working stress design methods 
is that in these methods no direct aoaount has been 
taken of the variability of material strength in the 
completed structure and also the variability of anticipated 
loads on it. The material strength in the completed 
structure may be less than that found from samples due 
to various reasons such as the inherent variability 
of the material arising from its method of manufacture, 
corrosion of steel during the life of structure, sustained 
and repeated loading etc. The loads may be greater than 
those anticipated, due to the possible Increase in the 
general level of loading in the structures of the type 
considered, errors of construction increasing the dead 
weight, and effects of shrinkage, creep or temperature 
changes etc. Considerable emphasis must therefore be 
placed on a statistical treatment of both the strength 
of materials and the loading. A more rational approach 
incorporating the above factors is made in the limit state 
design. 



1*4 Limit State Design ; 


This method differs from the preceding two in 
having strictly defined limiting states for members and 
by introducing several design factors or coefficients 
instead of a general factor of safety, A structure is 
said to be fit for use if its strength and safety are 
within certain limits* fhe limit state is therefore 
defined as the state at which the structure or part of 
it ceases to fulfil the function for which it was designed. 
In ar^ structure unfitness for use may arise in various 
ways. Ihe most important of them all are as follows | 

Gollapse : This is defined as occuring v/hen the loads 
acting on a structure exceed its load carrying capacity 
The collapse may arise from rupture of one or more critical 
sections, loss of overall stability, or buckling due to 
elastic or plastic instability* 

Excessive Deflection (or displacement) ; This is defined 
as occuring when the deflection impairs the appearance 
or efficiency of structure, affects adversely the non- 
load bearing members or causes discomfort or alarm to 
the users of the structure* 



Excessive Local Damage 5 This occurs v\rhen cracking or 
spalling of concrete impairs the efficiency or appearance 
of the structure. 

'l^en any structure is rendered unfit for use 
for its designed function by one or more of the above 
causes, it is said to have reached a limit state^ 

1.5 CEB Approach : 

Coralte European Du Bet on (CEB) in their 
^recommendations for an international code of practice 
for reinforced concrete^ (7) have suggested some sort of 
semiprobability approach. Since all the data necessary 
for a rigorous probability approach are not available^ the 
CEB has suggested the introduction of ’characteristic 
values’ of the strengths of materials and loads on the 
structure. These values are based on a fixed probability 
that the actual values will be either less or greater 
than the values selected and will be obtained from the 
statistical normal distribution. To cover the remaining 
uncertain factors, these characteristic values are 
transformed into design values by introduction of certain 


coefficients 
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The characteristic strength cr^ of ‘a material is 
given hy one or the other of the two relations: = ( ^ - KS) 
orO^ S ) where 

rn. arithnaetical mean of the various experimental 

data , 

S is the standard deviation , 

5 is the relative mean quadratic deviation and 

K is a coefficient depending on the accepted 

probability of the test results being below the 
value of <r'^ . 

« 

The design strength (T = ^ /r^ where is the 
strength reduction coefficient which is the function of the 
statistical laws concerning the errors or faults which 
occur during construction. 

The characteristic value of the loading is 
given by (1+ Ko ) where is the value of the 

most unfavourable loading, with a 50^ probability of its 
being exceeded, upto abnormally high values, once in the 
expected life of the structure; S is the relative mean 
quadratic deviation of the distribution of the maximm 
loading; K is a coefficient depending on the accepted 
probability of loadings greater than 



The design load Q* is given by Q* = r 

S K. 

where is a coefficient depending on the probability 
of a particular limit state being reached, possible 
increases in the permanent or superimposed loads, possible 
errors in construction, probability of several loads not 
occuring at the same time and the possible redistribution 
of stresses. 

1 .6 Limit Design of Statically Indeterminate Concrete 
Structures : 

It is an inelastic theory of statically indeter- 
minate concrete structures in v/hich xeadjiistments in the 
relative magnitudes of internal moments and forces at 
various sections are recognised at high loads. Ihe limit 
of load carrying capacity of the structure is obtained 
?/hen the mechanism is developed after the sufficient number 
of plastic hinges are formed on the basis of full redis- 
tribution of moments# Ihis is somewhat analogous to the 
plastic design of steel structures, the main difference 
being in the two important aspects mentioned below# 

R ot a t i on Qapac i ty ; Ihe ultimate strain capability of 


concrete is as low as 0.3 to 0.7^ compared to about 15 to 
20% in a steel section# Therefore a reinforced concrete 



section has limited rotation capacity and it Yaries to 
some extent with the ratio of reinforcement in the section* 
Under -reinforced concrete members controlled by yielding 
of the tensile steel, permit considerably higher rotation 
compared to OYer-reinf orced concrete sections. This 
limited rotation capacity results in excessiYe cracking 
unless adequate safeguards are proYided* If such cracking 
occurs at loads Yery near to ultimate loads, it may be 
harmless with regard to the serviceability* But the 
excessive cracking at or sli^tly above the design loads 
is objectionable*’ 

Distribution of Moment Resistance : By varying the amount 
and location of reinforcement, the positive and negative 
moment of resistance of structural concrete members 
can easily be made different, and it can also be varied 
conveniently along the length of a prismatic member j* It 
is therefore convenient to reinforce the concrete stinicture 
in a manner that the distribution of moments at ultimate 
load level is reasonably close to the moment distribution 
corresponding to elastic behaviour. All possible hinges 
necessary to perfoim a mechanism will then form practically 
at the same load and therefore the hinge rotations are 
very small* 



1 ^7 Brecast Construction : 


There is a marked tendency in the recent years 
towards the increasing use of precast construction, espe- 
cially in building industry* Precast construction is 
faster than conventional methods, provided the earth- 
works, foundation work and financing keep pace with this 
fast construction method* It is also cheaper than mono- 
lithic construction provided the production of elements 
is mechanised involving the manufacture of them in mass 
scale# 

Prestr easing in precast construction is also 
being increasingly adopted to reducethe cost and weight 
of structure* The general practice is to prestress 
flesairal and tension members and to use the ordinary 
reinforcement in the compn. members* Sometimes precast 
compression elements are also prestressed to take care 
of the secondary stresses likely' to develop while handling 
the members. 

Joints in Precast Construction : 

The joints in precast construction are provided 
mainly for continuity of the structural system* These 
joints may be made by various methods such as welding the 



steel reinforcements or structural steel inserts j bolting, 
use of key type devices; use of bonding mediums, use of 
friction betv/een the reiabers induced by gravity forces, 
prestressing or by combination of any of the preceding 
methods# Design of individual members of precast const- 
ruction is reasonably simple, but the design of efficient 
and economic joints is one of the major problems. Since 
these joints directly affect the integrity of the structure 
in which the precast members are used, their design 
as well their execution must be adeq.uate for the function 
int ended • 

An ideal joint should be capable of being designed 
to transfer all the imposed loads with a known margin 
of safety. It should withstand the loads without marked 
displacement or rotation and avoid high local stresses# 

It should accommodate tolerances in the elements, require 
little temporary support, and demand only a few distinct 
operations to make in its fabrication# It should be 
proof against the deterioration caused by the exposure to 
weather and admit effective inspection and rectification* 

It should be neat and compact avoiding awlo^ard shapes and 
intrusion into the living space# Ihe AGI (11) has recommended 
that the ultimate strength of joints and connections in 
precast construction should be at least 10 percent in excess 



of that required of the members connected • 


1 Response of a Structure to a Lateral* Loading i 

Ihe usual types of lateral loads are wind 
loading, earthquake loading, crane drag force, blast loading 
etc* Ihe effect of all these lateral loads should be 
inrariably considered in the strength and stability 
analysis of the structure# In addition certain serviceable 
conditions play an important role in the design of a 
structure for lateral loads. Ihe most significant service 
criteria are as follows; 

Lateral Brift : Ihis is a relative magnitude of lateral 
displacement at top of building with reference to its 
height and has a significant part in the design of high 
rise buildings. ICI (46) recommends a deflection limit 
of 1/500 for wind loads. 

Relative Vertical Deflection : Ihe effect of relative 
vertical deflection between the e^erior and interior 
columns and between the columns^ and shear walls needs 
careful examination# 

Cracking : Cracking of non-structural elements such as 
partitions, windows etc., may cause serious maintenance 



problems and so the drift limitation should be selected 
to minimize such cracking* 

Lateral Sway motion : The sway motion of a tall building 
under turbulent wind, if perceptible, may produce psychological 
effects which render the building unfit from user’s point 
of Yiew. The design of structure for the lateral loads 
should provide for the reduction of such perceptible 
motion to acceptable levels# 

1 *9 Simulated Loads on a Structure : 

fhe working load on a structixre includes the 
dead load and an estimated value of live load# Wind loads, 
seismic loads and all the gravity loads other than dead 
load constitute the live load* But the inherent nature 
of variability of all these loads makes it a difficult 
task to assess a fairly accurate value of the live load* 
Seismic load occurs rarely depending on whether the 
structure is located in a seismic zone or not# Lhe wind 
forces are highly fluctuating and their variation is 
extremely random# A typical case of the variation in wind 
velocities is shown in Pig# 1.1. The variation of other 
live loads on a structure also will be random, especially 
in case of bridges where the traffic will be changing from 
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time to time va^^ying from no traffic load conditions to 
the peak traffic • A typical random variation of the 
overall loads on the structure including the dead load^ 
liveload, wind load, earthquake load and any other 
possible combination of the same is shown in Pig# 1 #2# 

Since it is not possible to design a structure 
to suit this random variation, an idealization has to be 
made# A typical idealised load fx'equency diagram is shown 
in Pig# 1*3* fhe ob;3ect of this idealization is to 
select a suitable design load for the structure such that 
in its life time, it will not fail due to the occasional 
heavier over loads o2i combined loads coming on it, nor it 
will end in an overdesign affecting the economy t Ih© 
loading level B in the diagram appears to be the reasonable 
choice of a design load* Ihe peak load frequencies at 
the level 0 in the diagram are called overloads or combined 
loads as these may be the result of the combined effect 
of wind and seismic loads# In addition to the choice of 
a design load, a fairly reasonable estimate of the magnitude 
and frequency of these combined loads is also essential^ 
to assess the serviceability of the structure at these 
peak loads# 
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1 »1Q Revievy of Literature : 

As the object of the present investigation is 
the study of the behaviour of prestressed precast portal 
frame under sinulatecl loads a brief review of the literature 
on the precast concrete connections and on the repeated 
loading effects on reinforced and the prestressed concrete 
structures is presented* 

Joints in I'recast Concrete Connections : 

ACI-ASCE Committee 512 in its report (H), 
has recommended various methods by which the joints for 
use in precast concrete construction may be designed and 
constructed* PCI Committee for connection details (t2) 
have brought out a booklet giving the various types of 
connections between precast prestressed elements# PCI 
have also developed (13y14 & 15) certain empirical design 
criteria based on the experimental results# Cerfen (16) 
has presented several methods in which precast wall panels 
may be tied together to make a precast building# 

Mast (17) has described a simple method for the 
design of auxiliary reinforcement in the precast as 
well as in the cast-in-situ concrete connection, based 



on the study of a physical model. Using the shear friction 
hypothesis Birkeland (18) has developed a design criterion 
for the beam-column joints. Hanson and Connor (19) have 
conducted experimental investigation to determine the joint 
reinforcement required to give the ade.uate strength under 
the repeated reversed loads simulating the earthquake 
forces. PCI seismic committee (20) have outlined certain 
general principles for the design of connections to resist 
the earthquake fore os ♦ 

Effect of repeated loading on the be h aviour of prestressed 
and reinforced concrete structures : 

Repeated loads and mode of failure ; 

When all the loads acting on a structure sjnirul- 
taneously increase proportionally, the structure is said 
to be acted upon by ’propoi'tioned loading*. When they 
increase and decrease proportionally several times it is 
the ’repeated loading*, ^'.’’hen tho repetition of.-loadLi^..>in 
quick succession it is termed as pulsating load# In actual 
practice different loads on a structure raay not satisfy 
the condition of proportiomlity and they may change in 
magnitude independently from each other. These non- 
proportional loads, when they vary several times are called 
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’variable repeated loads’^ Sometimes these loads may 
change in their direction also resulting in the occurence 
of the reversal of stresses at the critical sections of the 
structure. Such loading condition is termed as ’Repeated 
reversible loading’* Although, all the above types of 
loads act in a random manner, a cyclic pattern of the 
occurence of these loads is generally assumed v/hen the 
effect of these loads is considered# 

Different modes of failure that may result from 
repeated loading are ’fatigue*, ’altex'nating plasticity^ 
and ’incremental collapse’* fatigue is a failure of the 
material by fracture as a result of repeated loading 
on the structure# When the failure is by yielding of the 
material alternately in compression and tension at a given 
cross section, the phenomenon is called ’alternating 
plasticity’* This term is more precisely used for steel 
structures. The structures may fail by an increase in 
deflection during each cycle of loading, the increments 
of deflection being in the same direction# This method 
of failure is termed as ’incremental collapse’. In the 
repeated application of loads the increments in deflection 
may cease after a few cycles of load application# l/ifhen 
the structure reaches this stage of stabilized deflection 
it is said to have reached a ’shake down limit 
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Mattock (22), Earnst (23) and others have shown 
that if properly designed, reinforced concrete structures 
can have sufficient rotation capacity to allow full re- 
distribution of stresses assumed in the inelastic theories 
of the design of reinforced concrete structures# But their 
assessment was based only on proportional monotonically 
increasing load tests# further investigation has therefore 
been carried out by various authors to study the effect 
of variable repeated loading including the reversible 
repeated loading on the rotation capacity and other 
aspects of the reinforced concrete structures# 

Behaviour of Concrete under repeated loading ; 

To arrive at a rational basis for predicting the 
response of a structure to varying loading, it is necessary 
to obtain the informtion about the mechanical behaviour 
of material under this type of loading# Sinha, G-erstle 
and Tulin (24) obtained stress-strain curves for cyclic 
loading based on the tests on cylinders, and arrived 
at certain analytical stress— strain relations# Assuming 
the property of the uniq.ueness of the stress— strain 
relation, they have also shown how the cyclic stress- 
strain curves can be used to predict the behaviour of 
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concrete fibre subjected to an arbitrary load history'. 

Shaw B*P. (25) reports that cyclic or sustained stresses 
on concrete result in the progressive internal -micro 
crack propagation, liu-ashev et al (6) stated that the 
ultimate strength of concrete decreases with the stress 
ratio { Cr min/ CJ^max) , under the action of repeated loads# 

Repeated Loads on R.C. Beams : 

Response of reinforced concrete beams to the 
repeated loading has been investigated by a few authors# 
Gerstle et al (26,27) have investigated the response of 
singly and doubley reinforced concrete beams to variable 
repeated and as well as reversed loading# A bending 
theory of R.C. beams to arbitrary cyclic load histories 
has been developed based on the stress-strain relations 
of concrete under cyclic loading mentioned earlier, and 
compared with the test results. They have concluded that 
the response to repeated loading may be considered elastic 
plastic for engineering purposes but the behaviour under 
reversible load is highly non-linear# 

Verm and Stelson (28,29) have conducted tests 
to determine whether there are any significant changes in 
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the beam strength and modes of fcdlure as the load history 
changes and concluded that 

i) beam specimens designed for steel yielding 

failure under single cycle static load gain the static 
ultimate strength for a history of about 100,000 cycles, 

(ii) beams designed for diagonal tension failure gain the 
strength upto about 18000 cycles and tend to lose for 
greater no. of cycles? iii) specimens designed for bond 
failure are most susceptible for damage under repeated 
load and they become weaker with increasing number of 
repeated load cycles and (iv) the mode of failure under 
repeated load depend on the load level and designed mode 
of failure under static load» Since the bond consideration 
plays a significant role in the behaviour of reinforced 
concrete beams under repeated load, Eulz (30) has used 
deformed bars with a short yield plateau and found that 
neither rotation nor load carrying capacity of a reinforced 
concrete beam is affected by several lakhs of cycles of 
near ultimate loading and that deformations are moderate 
increasing at a decreasing rate, becoming negligible after 
a feY/ cycles- 
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Structures subjected to earthquake movement 
undergo reversible loadings and the possible progressive 
damage that may occur in R.C. beams under such loading is 
a subject of vital interest. Burns (31) has 

investigated this affect and found that due to repeated 
reversible load strength of beams was not reduced but there 
was a loss of ductility# The elastic stiffness decreased 
almost linearly upto about one half of its initial value 
and remains practically unchanged. Strain hardening 
effect of steel cannot be ignored in any realistic 
prediction of the flexural response either to static 
load or repeated loading# Gerstle et al (32,33) have 
investigated this effect on the under-reiiif orced concrete 
beams and suggested that it may be possible to disregard 
the effects of possible cycles of overload upon the 
flexural strength of R#G. beams, in view of the beneficial 
effects of strain hardening. 

Bre stressed Concrete Beams Under Repeated Load : 

A few investigations (34y35>36) are reported 
on the effect of repeated load in prestressed concrete 
beams and the findings are listed below* 



i) At about 50jS of Vie static single cycle ultimate 
load level of repeated loading the majority of the beams 
could be expected to survive as many as 5 million cycles* 
Those failing in fatigue are likely to faal by strand 
fatigue althou^ compression fatigue is also possible. 

ii) At 60 and 70 percent load levels only few speciraen 
survived 5 million cycles, and the najority of fatigue 
failures are due to strand fatigue. 

iii) At 80 and 90% load levels specimens survived 
only a few hundred cycles and the fatigue failure will 
be mostly in compression. 

iv) Plexural stiffness vail decrease and permanent 
set increases with increased repetition of loads. 

v) Ilexural tensile cracks will migrate towards 

the top of the beam with increased repetition of the load'T 
At low load levels crack progression terminates after 
several million load cycles. - 

Sawko (35) suggested restressing of the tendons 
as a remedy to improve the flexural stiffness. Erice (36) 
has presented a theory for the prediction of fatigue 
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strength of pre stressed concrete beams which is applicable 
for repeated loading. Coles and Hamilton (37) have 
investigated the effect of low cycle highly impulsive 
repeated load on pretensioned beams and concluded that the 
calculated ultimate static load is a satisfactory design 
criterion for pretensioned beams subjected to low number 
of blast type of loadings • Ozell and Hiniz (38) have 
investigated the effect of repeated loading on composite 
beams (cast-in-situ over precast prestressed) and found 
that provision of shear ties between the two surfaces is 
essential for an effective composite action under repeated 
loads# 


Patnaik (39) has investigated the effect of 
pulsating loads in a prestressed concrete beam at the working 
load level v/ith occasional overloads and concliided that a 
prestressed concrete beam with a load factor of 2 and 
with overloads as high as two thirds the ultimate load 
capacity will have satisfactory serviceability# Ultimate 
strength is not affected much even after a million cycles 
of pulsation. Ihe beams may sui'vive a limited number of 
overloads as high as three fourths of the ultimate load* 
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Reinforced Concrete Frames under Repeated and 
Reversible Loads ; 

Very few investigations (40>43 , 42, 44) are 
reported on the effect of repeated and reversed loading 
on the R G Prames. Bertero and McCliu'e (40), Beaufait (41), 
and Sabnis (42), have conducted tests on the frames to 
investigate the behaviour both under repeated cyclic gravity 
loads and repeated reversed lateral loads and have arrived 
at the following conclusions under repeated gravity loads : 

i) low cycle repeated loading as high as 95% of 
single cycle static ultimate load capacity, has no signi- 
ficant effet on the load carrying capacity of the frame - 

ii) Reduction in the stiffness of the frame is not 
considerable # 

Under repeated reversible loads ; 

i) Ultimate load capacity is essentially unaffected 

upto about 75% of non-alternating single cycle ultimate 
load, stiffness is sli^tly reduced and bond strength 
at critical sections is reduced to some extent. 
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ii) At about 80^ load level as low as 10 numbeis 

of reversed load cycles produced extensive damage# Iraixie 
strength was reduced considerably, cracking was severe, 
heavy damage to the bond strength at critical section 
and a sharp reduction in the stiffness was observed# 

Gowda (43) has investigated the effect of pulsating 
loads^prestressed precast portal frames under the vertical 
loads at working load level with occasional overloads of 
about 33 - 1 / 3 ^ in excess of working load and found that the 
strength and serviceability with reference to cumulative 
deflection is not affected, 

1#11 Object of Study : 

(The present practice of adopting some load factors 
for all the elements of a structure appears to be less 
reasonable# Selection of rational load factors to different 
components of a structure depending on the extent of 
uncertainties in their behaviour and design, needs a 
careful study, fhis concept assumes more importance in 
case of precast construction, in view of the inevitable 
differences in quality control in the construction of 
precast and cast-in-situ portions of the structure# 
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Especially joints are vulnerable in this method of 
construction* It is therefore proposed to make a theoreti*^ 
cal study of the effect of variable joint load factor 
relative to the beam load factor on the overall strength 
and economy of the structure* A single bay multistorey 
frame is selected for this study* It is also proposed 
to investigate experimentally the effect of variable joint 
load factor relative to beam load factor on the behaviour 
of precast prestressed portal frame with the object of 
arriving at rational load factors for the beams and joints 
in a precast construction* 

Hitherto the emphasis of investigations was on 
the behaviour of structures to monotonically increasing 
loads in general. But in actual practice the loads on 
the structure will be varying at random from the lowest 
load levels of the dead load to the highest load levels 
pertaining to the combination of live loads, wind loads 
earthquake loads etc*, probably several million times in 
the life span of the structure* Yery tew investigations 
have been carried out in these fields and much less in 
precast concrete construction, Therefore it is proposed 
to investigate experimentally, the behaviour of a presto- 
re ssed precast portal frame under the action of vertical 



30 


and horizontal loads representing the gravity loads 
and norml wind loads respectively, Virhen subjected to 
repetitive cyclic loadings varying frcii dead load level 
to working load level several lakhs of times, reaching 
occasionally the peak load level representing the 
combined load level and study the behaviour ?/ith reference 
to the f ollowingi 

i) Change in the load carrying capacity of the 
structure due to repetitive cyclic loading, 

ii) load versus deflection behaviour before and 
after the cyclic loading* 

iii) Change in the stiffness of the structure after 
the cyclic loading, 

iv) study of the pattern of crack formation and 

v) behaviour of the structure under different combined 
load levels near the ultimate load. 
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LOAD PACIORS 


2.1 Introduction : 

Ihe ratio of design ultimate load to the working 
load of an element is called ^ultimate load factor* 
or more briefly ^load factor'. Most of the codes 
specify the values for load factors ♦ But it is the 
designer’s responsibility to choose a load factor appro- 
priate to the conditions for which the particular structure 
is designed, with due consideration to the probability 
of failure and consequences of failure. The necessity 
for the provision of load factor in the design arises 
out of the sources of errors in the design data assTJ-med 
and other safety requirements. Different load factors 
have to be chosen for different types of loads such as 
dead load, live load, impact load, snow load, strain 
loads such as due to temperature variation and shrinkage, 
lateral loads such as wind or earthquake and for different 
combinations of the above loads%* They may also have to 
be varied with the nature of load whether dynamic or 
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fatigue producing and with the type of structure whether 
a bridge, building, tower or a tank. The load factors are 
used both in the ultimate strength design as well as in 
the limit state design. In the ultimate strength design 
they represent the ratio of ultimate load to the working 
load, the ultimate load being associated with the critical 
section of each member rather than that of the structure# 
In the limit state design the load factor has been adopted 
as a design coefficient to account for the possibility 
of the service load being exceeded because of its var- 
iability. Load factors adopted by various codes of ^ 
practice for concrete structures and for plastic design 
of steel structures are given in Tables 2*1 and 2^2 
respectively* 

2.2 Brovision of different load factors to different 
elements in a structure : 

In the present design practices the load factors 
are based on the type of load and are independent of the 
type of the structural element * For example all the 
components of a framed structure viz., beams, columns^ 
slabs and joints are given the same margin of safety by 
using the same load factor. One of the important consider 
ations in the selection of load factor is the possible 



LOAD Pi-iOTOIRS ADQPiPBD 

COID S OF .TMGITIGE PQR OOIJGR^'JE 
STRUG TORES 



Sl«!lo, Code of Practice 


Resign Ultimate 
Load 


Remarks 


1* I.S. CORE OP 

PR.iCTIGl (1)* 


1.5 R + 2.2L 

or 1,5R + 2.21 
+ 0.5{Wor E) 
or 1.5 R 4- 0. 5L 

+ 2.2 (for E) 

Whichever gives 
critical conditions 


2 - 


3 . 


4. 


5. 


6 . 


American Concrete 
Institute (3) 


1.4R + 

or 0.75 (1.4R + 1*71 
+ 1*7 W) «r 
0^9 R + 1 .3 W 


These factors £r/ 
considered in 
combination 
with capacity 
reduction fact- 
ors of the sec- 
tion (0.90 for 
flexure, 0.75 
for compn.etc.) 


British Standard 
Code of Practice 
(4) 


1.4D + 1.61 
or 1.25D + 1.251 + 
1 .2 (¥or B) 
or 1.4 D + 1.4- ¥ 


German Standards 1.75 H + '1.75 L 
(5) 


Russian Standards 

(6) 


CEB - PIP 
International 
Recommendation (7) 


(1.1 to 1»2) R+ These factors are 
(1.2 to 1.4 )L for the ultimate 

limit state and shall 
be considered in comt 
inatten® with strength 
reduction factors 
applied to the ult. 
stresses. 

1.5 (R+L) 

or 0.9R+1.5L - do - 


R: Read Load, W: Wind Road^ L: Live Load, E: Earthquake force. 

* Pigures in bracket indicate the reference number given in 
the annendix. 
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TABIE 2-2 

LOAD F.vCTOBS FOR PLASTIC IIRRTCT 
OP S!IESL STRUCIURSS IH 7ARI OUS 




COUITRIDS 

-M 


SI. No. 

Country 

Assumed shape 
factor 

lor Dead load 
plus live 
load 

Bor Dead load + 
live load + wind 
load 4- Earthquake 
fo rce 

1 

U.S.l- 

1.12 

1.70 

1v50 

2 

Australia 

1.15 

1.75 

t.40 

3 

Belgium 

1.12 

1.68 

1.49 

4 

Canada 

1.12 

1.70 

1.30 

5 

Germany 

- 

1.71 

1.50 

6 

Ind ia 

1.15 

4.85 

1.40 

7 

Mexico 

1.12 

1.70 

1.30 

8 

South Africa 1.15 

' 1.75 

1.40 

9. 

Sweden 

* 

1.57 

1.34 

10. 

U.K. 

1.15 

1.75 

1.40 
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iliac curacies in the basic design assumptions and design 
methods# But the extent of assumptions and uncertainties 
in the design is not same for all the elements in a 
structure# Bor example the design of column involves 
more uncertainties compared to those in the beams, owing 
to the buckling effect and the difficulty in assessing 
the amount of end restraints » It appears therefore 
less reasonable to adopt the same margin of safety to 
beams and columns# 

The structural elements in a precast construction 
are produced in the factories with all the necessary care 
and supervision to obtain their designed strengths# But 
when those elements are transported to the site and 
assembled, it is very difficult to exercise the same 
quality control as in the factories, while casting the 
joints within the reasonable economical constraints# 

Casting of joints w,ill be difficult due to the invonvenient 
positions at which they have to be cast* Also the congestion 
of reinforcement at the joint due to the presence of 
reinforcement from be^ and coluian makes it difficult to 
cast a good joint • Therefore the reliability of the joint 
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is less compared to the elements# The fact that the joint 
may have lessor reliability is also true to some extent 
even in the monolithic construction, due to lack of 
thorough understanding of the behaviour of the joint. 

Due to the above factor, it appears more rational 
to adopt different load factors to different components 
of the structure depending on the extent of uncertainties 
associated with the elements# This concept of different 
load factors for different elements, which is known as 
’load factor design* is under active consideration for 
steel str^acturos# ASCI in its ^commentary on plastic 
design of steel structures (8) * envisages a factor of 
1.67 for tension members, short columns and slender beams, 
n92 for long columns and 1 #70 for compact shapes^ In 
case of reiaaforced concrete structures provision of 
different load factors for different components of the 
structure can be done very easily by altering the rein— 
forcBment T/ith or without changing the cross sectioml 
dimensions of the members:; 

2,3 Effect of variable joint load factor on the 
overall safety of the structure : 

The joint load factor plays an important role 
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in the load factor design of reinforced concrete structures# 
Under the pattern of loading most generally adopted, joints 
constitute some of the critical sections in a framed stru*- 
cturc and some of the plastic hinges f^rill be formed near 
the joints at collapse mechanism conditions* By suitably 
increasing the joint load factor, thus increasing the 
moment capacities of the section near the joint, the 
overall load factor of the frame will be increased* fhe 
overall load factor is the ratio of the design ultimate 
load to the v/orking load on the sti*ucture,the ultimate 
load being obtained with different load factors for the 
elements* fhe increase in the overall load factor represents 
the increase in the strength of the structure and with 
predetermined fixed working load this reflects an increase 
in the safety level of the structure* Ihe increase 
in overall load factor with the increase in joint 
load factor P. depends upon the order of indeterminscy 
of the structure and the lengths of portions upto which 
the increased moment capacity at the joints extends 
into ^ he beams and columns# 

To study the effect of variable joint load factor, 
single bay single storeyed, tv/o storeyed, three storeyed 
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and fourstoreyed portal frames are considered. Keeping 
the beam load factor constant ? goint load factor is varied 
and the overall load factor is obtained. As a typical 
example the detailed analysis of a single bay two storeyed 
frame Is given below* 

2*4 Analysis of a single bay two storeyed frame with 
variable joint load factor : 

The dimensions and the loading particulars of 
the frame are shown in Figure 2.1 . fhe moments at all the 
aalient points are computed by slope deflection method 
and are shown in Figure 2.2. Plastic moment capacities 
of different elements of the frame are obtained by 
multiplying the maximum working load moments in the 
elements by the corresponding load factors# Ihe plastic 
moment capacities are shown in Figure 2.5 • The extra 
reinforcement at the joint is assumed to be extended 
into the beam and columns for a portion of one tenth of 
the length of member 

let = working load on the frame 

p = ultimate load on the frame 
u 


= beam load factor 



2L/10 


2L/10 


L 



THICKENED P0RT0N5 INDICATE THE 
LIMITS UP TO WHICH JOINT REINFORCEMENTS 
A ©ARE EXTENDED INTO THE BEAMS AND COLU-®F 
MN5. 

FIG 2-1 GENERAL DIMENSIONS OF FRAME. 


0-1633PL 


0 2533 PL 


0.1242 PL ■ 
0-0375 PL' 


01617PL 


0.2917 PL 


0 2708 PL 


01717 

PL 


0-3342 PL 
r^O.1625 PL 
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S' = 3 0 int Dbad factor 
J 

= overall load factor 




= plastic moment capacities of 
upper and lower beams 




= plastic moment capacities of 
upper and lower joints* 




= working load moments at the 
points etc, of the frame 

shown in Pig. 2 .1 


Programme 1 : 

As the load is increased gradually ? the trending 
moments at the centres of upper and lower beams reach the 
moment capacities at the sections and the first two plastic 
hinges are formed at H & E. As the load is further 
increased the redistribiition of moments take place till 
the moments at the joints reach their moment capacities 
consequently forming the next two hinges at D & Ike 
redistribution of moments and the progressive formation 
of plastic hinges in upper and lower beams are indicated 
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in 3?ig# 2#4(a) to 2.4(c). The collapse meohanism-1 , after 
the formation of plastic hinges at H, IT, I) & E is shown 
in Fig. 2.4 (d) # From the mechanism diagram, and using 
the principle of virtual work, the expression for F^ 
in terms of F^ and F^ is obtained its follows; 

Let U : work done by the external forces 

V ; energy absorbed In the rotation of plastic 
hinges. 

P 

U = ^ (L© + 2 1©) + (I© + I©) 

= 2.3 P„ 1© <1) 

V = (0.2917 I) .2 © +Pjj 4 (0.2708 P^l) 2© 

+Pjj (0.2533 P^ 1) 2 © + Pj <0,3342 P^l) 2© 

(1 .125 P^^ + 1.175 P^) P^L9 (2) 

Equating the expressions for U and V and substituting 
Pq for , 

P^ = 0.49 P^ + 0,51 Pj 


(3) 







UPPER BEAM 


Mwd (Mr,l) 



'SLOWER BEAM ' 

Ft0.2.4(Q) MOMENTS AT WORKING LOADS 


. Mwh ^ Mwd . Mwh Mwk 

Ujp.r end — >— ,„ 



n0 2.A(b) 


IC HINGES 
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,r 
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■tower beam 


'•FjMwd 




HINGE FORMATION WHEN Fj<1.22 Fj 







Pu 



FIG. 2.6{d)COLL APSE MECHANISM-1 
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Programme 2t 


^'Hiile keeping the moment capacities of the beam 
portions unchanged the moment capacities of the joint 
portions are increased by increasing the joint load 
factor. The redistribution of moments, position of 
plastic hinges and failure mechanism is found to be same 
as in programme 1 , until a particular value of P . Por 

cJ 

this value of P^, the bending moments at E & M, i*e» at 
the centre of the joint and at the end of the joint 
reinforcement of lower beam have reached the moment 
capacities of the sections symultaneously during the 
redistribution of moments. Position of hinges in the 
upper beam is the same as in programme 1 * This formation 
is shown in Pig. 2.5 (a). The values of bhe bending 
moments and moment capacities at this stage in the lower 
beam in terms of P^,P^,P^ etc., are shown in Pig* 2.5 (b) « 

Prom Pig. 2.5 (b) it is clear that the simultaneous 
formation of hinges at E and M take place when 

(0.3542 P^L) = 1^(0.2708 P^L) + j P^(0.5416 P^^l) 
or when P^ «= 1 ..22 P^ 


( 4 ) 



1/, (FuO.5416 PwL) 
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Therefore when is less than 1 *22 the 
formation of hinges is as shown in Figures 2 #4 (a*) to 2*4(c) 
in programme 1 and when it is equal to 1 .2§ F-j^j it is as 
shov/n in Fig. 2,5 (a). From the figure, it is evident 
that when F is just greater than 1^22 F^, the hinge at 

o 

the point of the laver beam forms only at M and not at E« 

The faili^e meohanism-S, when 1. is greater than 1.22 
is shown in Eig. 2.6. Prom this diagram, 

U - 2,3 (same as in programme 1) 

V = P|j (0.2917 P^^I)2& + P^ (0.2708 P^h) (2.56+2.50) 

+ Pj (0.2533 P^l)2e 

= (1 .9374 P ^ + 0.5066 P ^) P ^16 ( 5 ) 

Equating the expressions for U and V and substituting Pq 

P^ = 0.842 P|j + 0.22 P^ (S) 

Profixamme 3 : 

As the value of P is further increased at another 

3 
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stage, in exactly similar manner descrilDed in programme 2, 
simultaneous hinge formations at K & I) take place in the 
upper beam. The position of hinge formations in upper and 
lower beam at this stage is shown in Pig. 2.7(a)* 

In Pig* 2*7 (b) details of bending moments and moment 
capacities in the upper beam at this sbage ai'e given 
in terms of and P . 

Prom Pig* 2.7 (b), it is clear that the simultaneous 
hinge formations at K and P take place when 

(0,2553 \-L) =2-^ (0.2917 P^L) +(l/4) P^(0 .5834 P^) 
or when P - = 1 ,73 Pv C7) 

It is evident that when P is 3 ust greater than 
1.73 P-fj, the hinge will he forned only at K and not at DiJ 
The failure raechanism - 3> when P^ is greater than 1 ,73 
IS shown in Pig. 2-8, Prom this diagram, 

U = 2-3 Py^lO (same as in programme 1) 

V = 2 X P^ (0.2917 P^l) 2.5& + 2 P^(0,2708 P^I.)2,5& 


P^. 2.82 p^ie 


( 8 ) 
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Equating the expressions for U and V and substituting 
Eo for 


P^= 1.225 (9) 

This expression for overall load factor shows that beyond 
bhe value of equal to 1 #73 the effect of increase 
in the ooint load factor is not felt in the overall load 
factor. 

Sunurang up the different stages considered above > 
the variation of overall load factor with the increase 
in ;]Oinfc load factor, for a single bay two storeyed frame 
under the pattern of loading shown in Pig. 2.1 is given 


by the following expressions. 



i) Eq >= 0.49 \+0.51 Pj 

T/hen jB’.i :< 1 #22 


(10) 

ii)EQ = 0.842E^+0.22 Ej 

when 1 .22 P^^ 

E^:< 

(11) 

u.i)EQ = 1 .225 

when P .4 ^ 1 -73 

J 


(12) 


The above results are represented graphically 
in Pig. 2.9 as P* versus P^ for a constant value of P^. 

O j •U' 






£h. 

10 


Pu 

10 






Fj = F^=1 


<D 



Zone ©. Fj € 1.22 F^, , Fo= 0.49Fb+ 0.51 Fj 

Zone ©. 1.22 Fjj « Fj « 1.73 F^, i F^z 0.842 F^, t 0-22 Fj 
Zone©. ,Fj3;1.73Fb} Fo= 1.225 Fj, 


Joint Load Factor F,- 


Fig. 2. 9 Irtfluenoe of Fj on Fq m a single bay two storey frame 
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The graphs are also dravm for different constant values of 
equal to 1 *4, 1 .5 and 1 .6 to ^et an idea as to how 
the overall load factor behaves with the increase in beam 
load factor also^ 

Similar analysis is made for single bay, three 
storeyed, four storeyed and single storeyed portal frames 
and the results are diagramatically represented in B’lgSr 
2.10, 2.11 d 2.12 respectively. The following observations 
are made from the results 5 

1 . Overall load factor increases with the ;]Oint 

load factor upto a certain value of the latter 
beyond v/hich it remains constant ♦ 

2# Rate of increase in is more in the initial 

stages compared to that in later stages# 

As the order of indeterminacy of the structure 
increases the constant value of is reached at 
lower levels of P ♦ 

o> 

4. The Iq vs ctiTve is very similar to the 

piecewise linear elasto-plastic deformations 


curve 



Overall Load Factor 


p/10 


p/10 


p/10 - 


p 


K-- 


Zon«©. Fj«1.066F,3^Fo = 0.A63Ft,+ 0.537 Fj 

Zone©. 1.065F=b« F^-sSUOFy j FqsO 692 F^ + 0.318 Fj 
Zone©. 1 .20 Fy «Fj <S 1-81 Fy j Fg s 0.914 Fy + 0.136 Fj 
Zone®. Fj'?!l.81Fy iFo=1.16Fy 


Joint Load Factor Fi 


ig.2.10 Influence of Fj on Fq in a gingfc bay'iW 




1 2 
Joint tood Factor Fq 


Fig. 2-11 


irt- siHj 



Overall Lo0d F0clor 
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2*5 Cost analysis : 

Increase in the strength of th^ structure with 

the increase in ^oint load factor is folio?/ ed "by increase 

in the cost of structure also due to the extra reinfor-^ 

cement provided at the joints. An approximate cost 

analysis is therefore made to have an estimate of the 

increase in the cost of structure with the increase in 

;]Oint load factors# The same two storeyed frame shown 

in Pig. 2.1 IS considered for a typical cost analysis* 

Por the purpose of approximate cost analysis, all the 

members including the joints of the frame are assumed to 

have the same plastic moment capacity throughoat' their 

lengths, initially# It is also assumed that all the members 

are singly reinforced# -u 

> B / 





i ■^st 

> 

0 

c 

c 


PIG-# 2 #15 C.S. OP THE MEMBER OP THE PRAIffi 

2 

let - yield stress in steel, assumed as 5000 kg/cm 

sy 

2 

T... = cube strength of concrete assumed as 250 kg/cm 
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p = ratio of steel = A ,/b, 

St' a-i 

d-j = effective depth of section = -rAr- 

= cost of conorete per unit volume 

Cg = cost of steel per unit volume = 60 C , say. 

c 

The governing equation for a singly reinforced section 
IS given (10) as 



where the non*-dimensional moment parameter is given 


m 





(U) 


The relation between m and p is given (10) in the shape 
of a graph The initial value of steel ratio p^ is 
assumed as 0.01 and the corresponding value of is 
obtained from the graph. 

Total length of all members in the frame = 81; 
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Length of all the portions where additional reinforcement 
IS to be provided near the ;)Oints 


4 X 


+ 


6x1 

“ 1 ^ 


1 .4 L 


Cost of concrete in the entire structure ^ blSLC^ 

= 8,8 bd^L 0^ (15) 

Area of steel in the section initially = p^ bd^ 

Cost of steel In the entire structure (initially) 

= p^ bd^ (81) 60 C^ (^6) 

• • Initial cosb of the structure. = bd^ 1 0^(8*8+480 p^) (17) 

let there be an increase of x percent in the ;] 0 int load, 
factor. Then there will be a corresponding increase in 
the plastic moment capacity of the section at the joint 
and consequently an increase in the initial moment 
parameter 


m = ( 1 + ) 


( 18 ) 
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Length of all the portions where additional reinforcement 
IS to be provided near the joints 

Cost of concrete in the entire structure - bI)8LC_ 

G 

= 8.8 bd^L 0^ (15) 

Area of steel in the section initially = bd^ 

Cost of steel in the entire structure (initially) 

= p^ bd^ (8L) 60 C^ ( 16 ) 

« « Initial cosb of the structure. = bd^ L 0^(8*8+480 p^) (17) 

let there be an increase of x percent in the joint load 
factor » Then there will be a corresponding increase in 
the plastic moment capacity of the section at the joint 
and consequently an increase in the initial moment 
paramet er 


m = (1 + ^ ) 


(18) 
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The increased sbeel ratio corresponding to the increased 
value of m is obtained from the graph. If the increase 
in the ratio of steel is ’q' then p = P^+q*- 

Additional area of steel = (p-P^) b d^ = q bd^ (19) 

Additional cost of the frame due to the increase in 
the area of steel 

- qb d- X 1 .4 1 X 60 C 

Percentage increase in the total cost of the frame 

_ increase in cost .. 

~ initial cost ^ 

84 q b d- L 

! S X 100 

(8.8 + 480 p^) b d^ 1 0^ 

Substituting = 0,01 

= 617 q 

where q is the increase in the ratio of 
steel obtained from the graph. 

The percentage increase in the total cost is calculated 
for different percentage increases in the ^oint load 
factor and the particulars are tabulated in Table 2^3 


( 20 ) 
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TABLE 2o Post particulars of two storeyed frame 


Percen 

tage 

increase 
in P 

J 

X % 


Moment 
parame 
ter from 
eqn 1 8 
m 


Steel 

ratio 

from 

graph 

P 


Increase 
in Steel 
rabio 


ci=P-Pi 


Percentage 
increase in 
total cost 
from eqn# (20) 


0 

0.0088 

0.0100 

0 

0 

20 

0.0106 

0.0125 

0.0025 

1 ,53 

40 

0.0123 

0.0150 

0.0050 

3.07 

60 

0.0U1 


0 .0078 

4.73 

80 

0.0158 

0 .0205 

0^0105 

6.35 

100 

0.0176 

0.0225 

0.0125 

7.72 

120 

0.0194 

0.0248 

0 .01 48 

9.15 

140 

0.0211 

0.0270 

0.0170 

10.50 
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Pigure 2 .14 effectively brings out the percentage 

increases in the cost of the structure and the strength 

of the structure compared to the increase in joint strength# 

The difference in the ordinates of these tv/o plots is 

shown as ]\'!arginal increase betv'een strength and cost* 

SincG the cost and strength are two dissimilar quantities, 

the peak of this curve does not represent any optimal 

condition in the design, Hoy/ever it makes clear that the 

cost of structure continues to increase with the increase 

in joint load factor y;hile the strength remains constant 

beyond certain value of P # 

J 

Similar cost analysis is made with reference to 
the three storeyed, four storeyed and single storeyed 
frames and the results are diagramatically represented 
in Figures 2.15, 2 J6 and 2,17 respectively ♦ 

Limitation of the above analysis i 

The formation of collapse mechanisms in the above 
analysis is based on the assumption that the plastic hinges 
formed at earlier stages have enough rotational capacities 
and that they do not fall before the hinges of the later 
stages are formed# This assumption may not be justified 
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when the margin between the formation of earlier and 
later hinges is considerable, because of the limited 
ultimate strain capacity of a section, Therefore 

the rotational capacities of the different critical 
sections are to be carefully assessed before taking it 
for granted that the increase in strength of structure 
represented by the increase in the value of the overall 
load factor is valid. 



CHAPTER III 


EXPEEB/IEHTAL IFVEST IG-AT lOH 


3*1 Test specimens ; 
Qbnect 


As mentioned in Chapber 1^ the obiject of experimental 
investigation was to study the behaviour of prestressed 
precast composite portal frame under the acbion of both 
vertical and horizontal loads such that the load pulsates 
several lakhs of times repeating between simulated deed 
load and working load levels and with oocasional pealc 
loads. 

Selection of specimen 

A single bay single storey portal frame vath hinged 
supports was selected for testing purposes# The dimensions 
of the specimen were chosen (i) to facilitate easy handling 
(ii) to suit the capacities of the hydraulic jacks available 
in the laboratory for loading purposes and (iii) to represent 
to a moderate scale the actual dimensions of the portal 
frames# The centre li^e dimensions and the loading positions 



CHAPTER III 


EXPERIPIEHTAL I WEST IGf-AT lOH 


3#'1 Test specimens ; 
Obnecb 


As mentioned in Ohapber 1^ the ohject of experimental 
investigation was to study the behaviour of prestressed 
precast composite portal frame under the action of both 
vertical and horizontal loads such that the load pulsates 
several lakhs of times repeating betv^reen simulated dead 
load and working load levels and with occasional pealc 
loads# 

Selection of specimen 

A single bay single storey portal frame v/ith hinged 
supports was selected for testing purposes. The dimensions 
of the specimen were chosen (i) to facilitate easy handling 
(li) to suit the capacities of the hydraulic ;)acks available 
in the laboratory for loading purposes and (iii) to represent 
to a moderate scale the actual dimensions of the portal 
frames# The centre liue dimensions and the loading positions 



of the frame are shown in Pignre 3 .1 • 10 cm x 15 cm cross 
sectional dimensions were chosen for both column and beam 
sections through out the frame. The portal frame was 
assembled out of two column elements of reinforced concrete 
and a beam element of prestressed concrete. An unbonded 
post-tensioned beam was adopted by embedding the tendons 
inserted through thin polythene tubes m the specimen. 
Secondary mild steel reinforcement was also used in the 
prestressed concrete beam section. 

Design of specimen 

The specimen was designed by load factor method 
giving different load factors to different elements# A 
load factor of 1.7 for columns and 1*5 f beams was 
adopted uniformly for all specimens. For joints ^ the load 
factor was varied from 1.8 to 2.7. The specimen was analysed 
for two vertical loads ’P’ each at one-^third points on 
the beam and a horizontal load KP at the right hand top 
corner of the frame. The ultimate moment capacities, 
for which the beam? column and joint sections were 
designed were obtained by multiplying the corresponding 
maximum working load moments with the corresponding chosen 
load factors. Assuming that the sections had sufficient 




•• 150 cm ► 


FIG. 3.1 CENTRE LINE DIMENSIONS AND 
LOADING POSITIONS OF THE 
FRAME SPECIMEN 


rotation capacity to allow the full rodistribution of 
moments, the ultimate load on the frame was determined* 
hj the collapse mechanism using the 'ilbimato moments of 
the sections V The ratio of ultimate load and the 
working load P^,^ gives the overall load factor for the 
specimen. 

The reinforcement at different sections in the 
frame was provided to obtain the desired ultimate moment 
capacities. The strength required for the :]Oints to give 
the increased joinb load factor was achieved by providing 
necessary amount of extra mild steel reinforcement at the 
joint. This extra reinforcement was extended into the 
beam and column for a sufficient length to satisfy the 
bond requirements- Beams were provided with necessary 
shear reinforcement, with suitable factor of safety to 
avoid the shear failure in the beam. 

Detailed design calculations for specimen Bo.1 
are given in Appendix-A. The reinforcement details and 
other dimensions are given in Pigs- 3^2 and 3*3$ and 
in Table 3.1 * 
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i 

no . 


TABLE 3.1 

m 

DETAILS OE REIKEORCEMEmS OE THE JOINTS 
JOINT ON BEAM SIDE 


Tension steel (top) 


flo . and dia 

! area in 

of bars 

’ 2 

I cm^ 

1-1 2 mm 


2- 6 mm 

1.695 

2-10 mm 


2- 6 mm 

in 

m 

» 

OJ 

2-1 2 mm 


2- 6 mm 

2.825 

1-1 2 ram 


1-10 mm 


2- 6 mm 

2.480 

1-12 mm 


2- 6 mm 

1.695 

2-10 mm 


2- 6 mm 

2.135 

1-12 mm 


2- 6 mm 

1.695 


Gompn. Steel 

No, and dia 
in bars 

(bottom) 

1 area 

! 2 
! cm 

1 

1- 12mm 


2- 6 ram 

1,695 

2- 6 ram 


2- 10 ram 

2.135 

2-12 mill 


2- 6 mm 

2.825 

1-12 mm 


1-40 mm 


2-6 mm 

2.480 

1*r12 mm 


2- 6 mm 

1.695 

2-10 mm 


2- 6 mm 

2.135 

1-12 mm 


2-6 mm 

1.695 


continued 
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TABLE 3.1 -(Contd) 

DETAILS OP REIIIPORCEMENTS OP THE JOIHTS 
JOIl'TT OH COLUMIT SIDE 

G'lmen Tension steel (outside) | Oomp^^ steel ( inside ) 


Ho . and dia of ] 
bars ! 

r 

area in * 

2 I 

cm ; 

Ho. and dia 
of bars ' 

1 

Area , 

on, 2 

cm 

3 - 

12 mm 




1 - 

6 ram 

3.673 

2-6 mm 

0.565 

5- 

12 mm 




1 - 

10 mm 

4.175 

2-6 mm 

0.565 



• 

1-12 mm 


4 _ 

12 mm 

4.520 

2- 6 mm 

1.695 

4 - 

12 mm 

4.520 

2- 6 mm 

0.565 

5- 

1 2 mm 




1 - 

6 ram 

3.673 

2-6 mm 

0.565 

3 - 

12 mm 




1 - 

10 ram 

4.175 

2-6 mm 

0.565 


3 - 12 mm 


1 


6 mm 


3.673 


2-6 mm 


0.565 
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]\([aterials 

G-ranite metal of 1”, 3/4’» and l/4» sizes in the 
ratio of 2:1:1, Kalpi sand and normal Portland cement were 
used in the concrete mix, in the proportion of 1:1^l/2:3 
by weight with a v/ater cement r^tio of 0*4* Mild steel 
bars of different sizes when tested gave an average 

Q 

ultimate strength of about 4300 kg/cm and the cold 
drawn wires of 7im diameterused as pre stressed tendons 
had an ultimate strength of 16500 kg/cm • The typical 
stress strain graphs for 7 imn dia wire and 12 mm 

dia* mild steel bar are given in Pigs, 3-4 and 3 #5 respe*- 
ctively. 

Casting and curing of frame spocimens 

The reinforcement and the prestressing tendons 
were assembled in a single wooden mould in order to 
maintain the uniformity for all the specimens# 

Plywood partitions were inserted near the joints 
separating the ^oint portions from the beam and column# 
The concrete was placed in the moulds in small quantities 
and thoroughly vibrated with a needle vibrator# Simulta- 
neously six numbers of 150 mm control cubes were also 



ULTIMATE STRENGTH = 16500 kqs/sqcm 
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cast along with the elements* After the setting time the 
elements as well as the control cubes were covered with 
wet gunny bags which were kept continuously wet by pouring 
water periodically^ 

After curing the elements in the moulds for two 
days, the plywood partitions v\rere removed and the mild 
steel bars from the beam and column were welded together 
carefully, Then another batch of concrete nux was made 
with the same proportion of the materials as that made 
for the elements and the joints were cast along with six 
more control cubes* The curing of the specimen in the 
mould was continued for two more days under wet gunny bagsV 
The mould was then separated and the specimen along with 
the 12 central cubes were cured under wet gunny bags for 
at least 28 days before testing. 

Casting and curinjO: of beam specimens 

The beam portion of the frame was to be prestressed 
with unbonded H.T,S* wires* The ultimate moment capacity 
of the beam section with unbonded tendons could not be 
determined accurai^ely as several parameters such as the 
magnitude of the effective prestress, profile of tendon, 
shape of the bending moment diagram, length depth ratio 
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of member, amount of bonded non-prestress ed supplementary- 
mild steel etc^, contribute to the variation in ultimate 
strength. In general some reduction factors were recomm- 
ended to the bonded section to obtain the unbonded moment 
capacity. Some authors (45) have reported that unbonded 
post-tensionel beams with unprestressed mile steel rein- 
forcement had strength equal to that of comparable bonded 
beams . 

In view of all these factors it v/as proposed to 
cast the (simply supported) beam specimens with exactly 
the same arrangement of reinforcement as that in the beam 
portion of the frame except the additional joint reinfor- 
cements on either end of the beam, and test it to 
destruction to find the actual ultimate moment capacity » 
The detailed calculations for the same are given in Appen- 
dix-B. The beam specimens were cast and cured in the 
same manner as the frame. 

Prestressing 

One day before testing specimens were allowed to 
dry. They were then cleaned with a brush and white washed 
to facilitate the easy observation and marking of cracks i' 
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The beam portion was then prestressed using Gi£f ord-Udall 

system and the tendons were anchored at ends 
using l/4’’ mild steel plabes- The average prestressing 
force applied as indicated on the jack dial was 4600 kg* 
for each wire# 

3 #2 loading cycle % 

The live loads on a structure consist of pedestrian 
and vehicular traffic on bridges ^ weight due to inhabitants, 
furniture and other equipment on buildings, snow loads, 
wind loads, earthquake loads etc# They are of highly 
variable nature and may vary in their position, magnitude 
direction and combinations# While the normal live loads 
will be acting many times, probably several lakhs of 
times during the life span of the structure, the combined 
effect of different live loads will be felt on the structure 
rarely# 

Since it will be very uneconomical to design a 
structure for this combined load effect ?;hioh will be 
occuring only rarely, the design load will be in general 
selected at a level upto which the actual loads will be 
reaching frequently# But at the same time the effect of 
the combined load cannot be ignored » The loading schedule 
on the specimens was adopted keeping the above factors in view** 
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The frame specimen v/as subjected to vertical 
loads P each at one third points on the beam and a hori-- 
gontal load equal to a fraction of ^'PUYertical loads 
represent the gravity loads inclusive of dead load and 
normal live loads. Horizontal load represents the normal 
wind load. It is difficult to estimate the ratio of 
horizontal load to vertical load since it depends on many 
factors^ A horizontal load of p/l2 for some specimens and 
P/6 for other specimens was chosen arbitrarily. 

The vertical as well as horizontal loads were 
applied through hydraulic ^acks connected to the pulsator. 
For the purpose of testing it was assumed that the design 
load on the structure will occur about million times in 
the span of its life and that the combined load which 
v/as assumed to be 35^l/3?^ more than the working load will 
occur once in about 150 cycles. Since it was difficult 
to raise the level once in every 150 cycles, the combined 
loads were given about 600 times in every 0.1 million 
cycles. At the frequency of about 600 cycles per minute 
the peak load pulsations were givon for one minute 
approximately in every three hours of running of the 
pulsator* The lower limit of pulsations both at the v/orking 
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load level and the combined load level was taken as the 
dead load level on the structure* 

Ihe fixed load (dead load and fixed superimposed 

loads) was assumed to be about 0.3 times the normal 

working load P . The combined load P , termed as peak 
w p 

load was assumed to be about 1 .1/3 bimes the 7 \rorking 
load. Details of loads applied on the test specimens 
are given in fable 3*2. The typical loading cycle on the 
specimen in a day v/as, as indicated in figure 3*6. The 
pulsations were given about 6 hours a day and for the 
rest of the period in the day the specimen was left to 
undergo relaxation. 

He evaluation of collapse load based on the tested cube 
strengths s 

fhe load values P„ . P. and P„ on the specimen 

W CL p 

were obtained using bhe ultimate moment capacities re-- 
evaluated based on the actual cube strengths* Detailed 
calculation of this reevaluation for specimen Ifo»1 are 
given in Appendix-C. The ultimate moment capacities of 
the sections for all the frames are given in Table 3^3» 
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TABLE 5.3 

ULTIIVIATE MOMEm CAPACITIES OE THE SECTIONS 


Speci 

men 

ITo. 


Cube strength Mu of be^ 
of elements at the cri~ 
2 tical sec 

Kg/ cm tion in 

ton.m. 


§^rinth 
of Jointp 
in Kg/cm"^ 


Mu of joint 
on beam side 
ton. m. 


1 

2 

5 

4 

5 

6 


54-0 

1.179 

400 

1.097 

540 

1.179 

440 

1.134 

503 

1.165 

425 

1.100 

503 

1.165 


517 

1.499 

400 

1.550 

500 

1 .805 

335 

1 .586 

507 

1.494 

420 

1.500 

507 

1.494 


Mu of 
joint 
on 

column 
side 
l;jon_^ m. 

1,440 
1,430 
2.009 
1.290 
1 .400 
1.400 
1.400 


7 
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3*5 Test set up 

The general arrangement of testing is shown in 
Pigs< 3.7 to 3 . 9 * The horizontal set up was adopted* 

[Pwo brackets \Yere fixed to the test bed at 15 O cms apart 
forming supports to the frame. The hixige action at each 
support was provided by means of a pin and the v-blocks» 

The pins v/ere v/elded to the brackets so bhat the distance 
between their centres is exactly I 50 cms. when the specimen 
was kept in its proper posibion, the pin welded to the 
bracket fits into the groove of the Y-blocks attached to 
the base of the columns* The arrangement prevents lateral 
movement and allows only rotation about the axis of the pin* 
The typical hinged joint is shown in I'lgure 3.10* 

As the lateral load was only a fraction of vertical 
load a jack of a smaller capacity was required. A suitable 
lever arrangement y/as provided as shown in Figure 3«7> so as 
to get the exact required load at the point of application^ 
since the smallest capacity available was of 16000 lbs# 

All the three jacks were connected to 'Hi male Sc 10 
Pulsator*^ Sbiffening tie bars were provided in the 
supporting brackets to minimise the support deformations^ 
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3 6 Ins trume nt at i on : 

The instrumentation adopted for the testing is 
shown in J'igs. 3*7 and 3»8* A set of dial gauges were 
provided to measure the deflections at various points 
in the specimen and a load cell at the right hand top 
corner to measure the horizontal load* gauges and 
were provided to measure the horizon’baldef lections at top 
and middle of the left column. Gauges "to were 
provided to measure the vertical deflections at one third 
points and centre of the learn. Gauges and Dj v/ere 
meant to check the rigidity of the supports and sinking 
or settlement if any at the hinge supports# Dial D 3 was 
provided to note the out of plane movements of the frame# 
The test cylinders were calibrated v/ith the help of proving 
rings and found to check very closely* 

3*7 Testing : 

Testing programme : 

Two beam specimens were tested to ascertain the 
accuracy of the moment capacities of the prestressed 
concrete unbonded section used for the beam portion of 
the frame specimen. Altogether seven frame specimens, 
designed with different joint load factors, were tested# 
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Horizontal load chosen was P/13 for the first specimen, 

P/12 for the next three specimens and P/6 for the last 
three specimens# The specimens were subjected to the 
loading cycle mentioned earlier# They were first subjected 
to the static loads upto the peak load level twice or thrice 
and then given pulsations varying from dead load level 
to working load level with peak load pulsations 600 times 
in every 0*1 million cycles. A static load test was 
conducted upto collapse of the specimen after the required 
number of pulsations were given* 

Static test on beams : 

The set up for beam testing is shown in Figure 3*11* 
Beam specimens were tested under static load to collapse 
while observing the deflections at centre for various 
levels of the load* The load deflection curves for the 
two beam specimens are shown in Figures 3 #16 and 3#17i 

Testing of the frame specimens t 

After white washing and prestressing, the specimen 
7/as moved to the test bed, positioned and levelled properly* 
Positions where the deflection has to be measured were 
marked on the specimen in pencil and the dial gauges were 
set up* The load cell was fitted at the right hand top 






fn t ULTIMATE LOAD „4T ( 6V=2*7cm 
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corner of the frame and was connected to a strain 
indicator » 

The load v/as then applied simultaneously through 
the three hydraulic jacks by operating the pulsator for 
static condition. The load was increased gradually in 
increments of 5% of the jack capacity upto a load level 
slightly lower than the peak load level, and unloaded# 

In the second cycle the load was increased upto peak load 
and reduced. The dial gauge and the load cell readings 
were observed and recorded for different load levels* 
Formation of cracks during load increases and their 
propagation was marked with a black pencil on the specimens^ 
After the static tests, load cell was removed and the dial 
gauges were disengaged without disturbing their positions 
by putting rubber bands around them. Then the dynamic 
loads were applied and the frequency of the pulsations 
was gradually increased until it reached a level of 600 
to 800 cycles per minute. After application of about 0*1 
million cycles of pulsation in about 3 hours, the upper 
load limit was gradually increased in about 2 minutes 
upto a predetermined peak load level, kept constant 
for about one minute to give 600 cycles and then reduced 
gradually in about 2 minutes to the working load level# 
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Like this peak pulsations were given once in every 0,1 
million cycles • Deflection measurements were made 
everyday before and after the application of pulsating 
loads, to observe the creep relaxation that the specimen 
had undergone overnight. 

After the completion of the desired number of 
pulsations, the specimen was tested to static collapse^ 

Ctack propagation was duly marked on the specimens * fhe 
dial gauges were removed just before collapse to avoid 
damage. Similar tests were conducted on the remaining 
specimens . 

The loading levels in the first three specimens 

v/ere approximately same. was about 45 to of P^j 

and P v/as 33.1/3^ excess of P . All the three specimens 
P V/ 

have survived million cycles and 10 spells of peak loads 
Y/ithout any damage. During the final static load cycle, 
the specimen-3 had suffered a failure in shear near about 
the theoretical ultimate load value. On inspection 
it was found that failure was due to the failure of welds 
of the shear connectors. Specimen-4> with the same horizon 
tal load P/l2, was tested at higher load levels of P^ = 

66 % of P^ and peak load 33.1/3% more than P^. After 0^3 
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# 

million cycles of normal pulsations and 3 spells of peak 
pulsations, the specimen was found to develop v/ide cracks 
at peak load level which were not closing completely on 
removal of the load. The pulsations were then stopped and 
a static test was conducted upto collapse. 

The tests on last three specimens were conducted 
with horizontal load P/6 and with increased levels of 
of about 60 to 15 % of P^ and P^ - 1 .33 Specimen 5 
survived only 0.1 million cycles before it developed wide 
cracks. Specimens 6 and 7 suffered a secondary failure 
by the failure of the left hand side ooint between beam 
and column, which was found to be^^lsult of opening of 
welds. 

3.8 Results and Discussions : 

Pigures 3.16 and 3.17 illustrate the load deflection 
behaviour of the beams. Pigures 3.18 to 3.24 illustrate 
the load versus vertical deflection behaviour of specimens 
1 to 7. A typical, load versus horizontal deflection 
for the specimen Ro.4 is shov/n in Pig. 3*25. 
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Ultimate loads s 

The test results of the beams (Appendix B) indicate 
that the actual moment capacities of the sections tallied 
with the theoritical values within reasonable limits. 

However, the ultimate loads measured, are found to be 
greater than theoretical ultimate loads in all the frame 
specimens except those which have undergone secondary 
failure. One possible reason for the excess experimental 
ultimate load values may be that the effect of the hori^ 
»ontal load on the specimen during testing was not as much 
as that taken in the theoretical calculations due to 
frictional resistance inspite of providing the rollers 
at the point of apj.jliGation of loads. The specimen might 
not have undergone the complete sway effect. Other 
possible reasons might be the strain hardening effect of 
steel, uncertainties of the uniformity of the concrete etci 
However, since in all the cases, the ultimate load obtained 
after the pulsations v/as more than the estimated ultimate 
load under the static conditions it can be concluded that 
the ultimate strength of the specimens was not affected 
by the pulsating loads. The experimental ultimate load 
was taken as the basis for the calculation of load factor and 
other particulars given in Tables 3 •I and 3»2. 
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failure inecham.sm : 

failure by the combined mechanism was observed 
in all the specimens except in the secondary failure cases 'i' 
The plastic hinges were formed at the critical points ? 
one at the point of action of right side vertical load 
in the beam and the other at the left side ^oint. The 
typical failure mechanism was as shown in Fig# 3 *^ 5 * 

Crack Pattern 

Crack pattern in all the specimens of the mechanism 
failure, ?/as found to be almost similar. The first crack 
generally formed at the right side vertical load* 

SubseqiTent cracks appeared in between the two vertical 
loads in the beam- Clacks in the joint appeared at a later 
stage. There were practically no cracks in the main 
column portion except near the joints i All the cracks 
were found to widon under the pulsations and were found 
to close on removal of the load- The cracks in the 
joints have developed in the diagonal directions# The 
typical crack pattern in the beam and joint portions 
were as shown in Figs- 3.12 to 3«14f 
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QumulatiYe damajSce s 

Specimens 4 and 5 have been subjected to cumulative 
damage ♦ The damage was in terms of the progressive widen- 
ing of cracks much beyond the permissible crack width as 
the pulsation was continued. The failure of the specimen 
might have occured if the pulsations were continued. This 
was due to the higher levels of applied pulsating loads. 
The working loads were 60 to 75^ of the peak loads 

being 33 - 1 / 3 % more than P . At lower load levels of 

w 

working load 50 % and peak load 65 % of P^, as were adopted 
in specimens 1 to 3 > no effect of cumulative damage was 
felt. 


However, cumulative deflections were observed in 
all the specimens, v/ith the increasing number of pulsations. 
The rate of increase in the cumulative deflection was 
more in the earlier stages of pulsations and decreased 
with increasing number of pulsations. Purther from the 
readings of the deflections before and after the pulsations 
every day it has been observed that there is an amount of 
recovery in these deflections overnight when the specimens 
were left without load. This may be termed as creep reco- 
very. This creep recovery was also found to be greater in 
earlier stages than in the later stages of pulsations 
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Stiirness of the specimens ; 

Pron the Pisiiros 3-18 to 3.25 it is observed that 
there is a flattening of the gradient of the load deflection 
curves after pulso^ting loads, indiccting the reduction in 
the stiffness of the specinen, Tho loss of stiffness increased 
with the number of cycles and is comparatively less in the 
specimens with higher joint load factors- However the reduction 
in stiffness is not as much as to aff..ct the serviceability 
of the structure 

Load factors i 

Load factors for the specimens obtained from the 
moment capacities calculated based on the actual cube strengths 
are given in fable 3»4- Since the experimental ultimate loads 
on the specimens was found to bo higher blian the theoretical 
values the load factors were also calculated based on the 
experimental ultimate load and are listed in fable 3 •5* 
Details of calculation are given in Appendix-C^ As discussed 
earlier, at higher load levels i*e-, at lower load factors as 
in specimens 4 & 5 the structure had lost its serviceability 
by developing wide cracks beyond the permissible limits though 
the ultimate strengths do not seem to have been affected* 



a?ABI)E 3* 4(a) DJTAIJjS OP LOAD MCTOIS BASED OB THBQRETICAL 
ULTILlIAm LOAD OP THE SrECIilEl^S 


Specimen 

Beam 

Column 

Joint 

Overall 

llo. 

Load 

Load 

Load 

Load 


Pact or 

Factor 

Factor 

Factor 





^0 

1 

1.5 

1 .7 

2,27 

1 .84 

2 

1 .5 

1 .7 

2.39 

1 .90 

3 

1 -5 

1 .7 

2.72 

2.02 

4 

1 ,2 

1 .7 

1 .67 

1 .41 

5 

1,1 

1 .7 

1.37 

1 .23 

6 

1 ,1 

1.7 

1 .46 

1 .34 

7 

1,2 

1 .7 

1 .50 

1 .35 

T4BIE 3.4 

(b) DETAIIS 

OF LOAD FACT CBS BASED OB EXPEBimiLAL 


ULLIIMB LOAD 

OF LHE SPEGIFiEBS 

Specimen 

IJo, 



F. 

D 


1 

1.8 


2.72 

2.21 

2 

1 .65 


2.63 

2.07 

3 

1 .44 


2,60 

1 .94 

4 

1.29 


1 .79 

1 .51 

5 

1 .53 


1 .91 

1 .70 


NOTE : Load Eactors for spocimon 6 & 7 are not given 

since IS not available ov/ing to their premature 


failure 



CHAHOER 17 


GOl^OLUSIOFS 


4-1 Load factor design : 

There ie a need to inbroduce in concrete structures, 
the concept of adopting different load factors to different 
components, depending on the extent of uncertainties xn 
their design assumptions, difficulties in their construction, 
possibilities of frequent stress concentrations on a 
particular component etc- This concept which is known as 
*load factor’ design is being adopted in the design of 
steel structures. It provides a more rational approach 
bo the provision of safety allowances in the design for 
various components rather than a single factor for the 
whole structure which may sometimes lead to an undersafety 
design to a particular component in the structure while 
the other components are oversafe« Beams and columns 
are the principal elements of a framed structure* The 
strain energy per unit volume in a member under a primarily 
compressive stress ic much more than the strain energy per 
unit volume of member under flexure# This suggests a need 
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for a higher load factor in a column compared to that of 
beam* 

The need for a load factor design is felt much 
more in precast concrete construction. In most of the 
precast concrete , construction, the beam, column and other 
elements are cast in a factory under quality control 
while the ;3 0ints are cast in situ, most of the times at 
very inconvenient positions and under difficult cir cumstat- 
nces, making it impossible to have the same amount of quality 
control in the construction of the joint as that of the 
elements. In view of all these factors provision of an 
increased load factor for a goint as compared to the 
load factor of the elements is very essential. AGI code 
recommends a load factor for the joint not less than 
Wfo more than the load factor of the joining elemairbs in 
precast construction. 

Most of the codes have yet to adopt this concept 
and provide in their design specifications either for 
reinforced concrete structures cast— in— situ or precast# 

In working stress design this concept was indirectly 
introduced in almost all the codes when a lower allowable 
stress was adopted for the concrete under direct compre** 
ssion than that in bending. But in the inelastic methods 



112 


of design, most of the codes have yet to provide for this 
concepts To some extent ACI code has made provision 
for the load factor design in the ultimate strength 
method (Article 1504 in ref. 2), by adopting different 
capacity reduction factors, to different elements# This 
factor shall be 0^90 for flexure, 0#85 f'^r diagonal 
tension bond and anchorage 0^75 for spirally reinforced 
columns and 0*70 for tied compn. members# 

4*2 Conclusions from experimental investigations : 

Choice of load factors for components of the 

Structure : 

The actual strength of cubes has differed from the 
initial assumed value of 450 kg/cm^ in the design of 
specimens* Therefore the actual load factors have changed 
from those used in the design calculations# Thus the 
investigation could not be done in the range of desired 
load factors. Prom the limited experimental investigation 
carried out it was found that a beam load factor as low 
as 1 .4 was found to be satisfactory provided the overall 
load factor is more than about 1#7* Therefore a beam 
load factor of 1 #4 to 1 #5 is recommended for adoption in 
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the design^ The loading pattern in the experiment was 
such that there is no column failure and so the effect 
of column load factor could not be studied* A column 
load factor of 1 *7 is quite safe as there was no column 
failure with this load factor* The joint load factor of 
about 30 to 40 % more than the beam load factor appears 
to be more than satisfactory* IVhile selecting the relative 
values of load factors for the elements, the overall load 
factor should always be kept in view* 

Cyclic loading and serviceability 

The behaviour of a reinfcrced concrete structure 
designed with an overall load factor of 1 *8 to 2*0 for the 
working loads was satisfactory with reference to the 
serviceability as well as the strength, when acted upon 
by cyclic loading, varying from dead load level to working 
load level about million times, and occasional peak loads 
about 33 % more than the working load, representing the 
combined action of some live loads* Therefore the overall 
load factor to be adopted for the combined loads can be 
obtained by dividing the above recommended load factors 
for the working load by 1*33* Thus an overall load 
factor of about 1*3 to 1*5 appears to' be satisfactory for 
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the conbined loads* In a similar manner the load factors 
under combixied load conditions can be deduced as of 1*1 
to 1*2 for beams, 1*3 to 1.5 for joints and 1,2 to 1*4 
for columns. 

The ultinato stren^'Xtb of the specimen is not affected 
even when it is subjected to pulsations at peak load as 
high as 90% of its ultimate load. But from load deflection 
curves it is observed that there is reduction in the 
stiffness of the specimen \7ith the increasing number of 
pulsations- The reduction in bhe stiffness of the specimen 
IS comparatively less for higher joint load factors. 

Secondary failure in the joints : 

In case of two specimens which were subjected to 
higher load levels of working load being 60 to 66% of the 
ultimate load and peak load being 75 to 88 percent of 
ultimate load, there was joint failure due to opening of 
welds. This failure of welding, may be the result of the 
improper v\relding due to the inconvenient position, when 
the two elements were joined or_it may be due to partial 
fatigue due to stress concentrations. Either of these 
cases is possible in actual construction of precast concrete 
structures , thus justifying the need for the extra 
provision of the safety margin in the joints. 
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Crack formation under peak loads : 

When the structure was sub;)ected to peak loads 
which are about 33% more than v^orking load, the moment 
in the beam at critical section reached about 85 to 90% 
of its designed ultimate capacity and yery wide cracks 
were observed# Even at the working load the moment in 
the beam reached about 65 to 70% of its capacity and 
clearly visible cracks have appeared* Therefore to avoid 
this excess cracking, it is not advisable to adopt a beam 
load factor less than about 1.4* 

4*3 Theoretical study on the effect of joint load 
factors : 

Joint load factor plays an important rolS^ in the 
load factor design* Theoretical analysis made on the effect 
of joint load factor showed that the overall load factor 
continueias to increase with the increase in joint load 
factor upto a certain level b^ond which it becomes 
constant* Reaching this constant position depends upon 
the the order of indeterminacy of the structure* As the 
order of indeterminacy increases, this constant position 
of overall load factor is reached at lower levels# The 
strength of structure increases due to increase in joint 
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load factor Bat at the same time cost also increases# 

It has been observed from the graphs that the difference 
in the numerical values of the percent increases in 
strength and cost, increases upto a certain value of 
joint load factor and then decreases- Because the 
strength and cost are two dissimilar quantities, this 
behaviour does not however represent any optimal condition# 
Increase in cost per unit increase in strength was found 
to be an increasing quantity 7/1 th out any peak or reduction 
in its value within the reasonable values of ^oint load 
factor# 

Though there is an increase in the safety margin 
of the structure v/ith the increase in ;]Oint load factor, 
the cost also will be increasing correspondingly. Sometimes 
it may not be desirable to increase the safety margin 
beyond certain level at the cost of economy. As such, 
depending upon the type of structure and the users* 
requirements, an optimal selection is to be made as to 
how much increase in cost can be permitted to obtain 
higher level of safety. Accordingly the load factors 
are to be chosen# In general the load facbors of 1 #4 
to 1.5 for beams, 1 #9 to 2.1 for joints and 1.7 for columns 
recommended earlier based on the experimental investigation 
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appear to be satisfactory with reference to the above 
criteria, 

4*4 Jiitirre work : 

More extensive experimental investigations on the 
safety and serviceability of the structure with many other 
parameters such as increased number of load cycles, diff*- 
erent loading pattern on the structure, different load 
levels and different combination of load factors have to 
be conducted before arriving at a better choice of load 
factors for different elements in a load factor design. 

The effect of cyclic loading on the bond and shear needs 
to be investigated. Suitable loading pattern need be 
selected so that the failure mechanism includes formation 
of plastic hinges in the columns so as to incorporate 
the effect of column load factors. Simulation of actual 
loads, and the right choice of the normal working load 
and permissible excessive loads or reduced load factors 
at combined load conditions should also be investigated. 
This selection has a great influence on the economy of 
a structure. 
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DSSI&II OP SEG PIOUS 10 R SPPIGP^InT 1 


Ultimate ITomept Capacity of the Beam of the Centre; 




or 0*43^ 

V\/VncV%«ver \e55 


PIG-.A-1 IE T Alls OP BEAU SEOTIOU 


The compatibility eq.uatioii is 





( 1 ) 


where 





= Temsile strain in tendon at ultimate 
moment 


f ^ == Effective strain in tendon after losses 

^ se 

dyj - Ultimate strain in concrete 
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€ 


p 

se. 



_ 0.6 X 16500 


B. 


2.1 X 10 


Z 


-6 

= 4820 X 10 


( u/3 ~ ultimate stress of the High 
tension steel) 


Using M - 450 oonorete G ^ for doubly reinforced 

—6 

section IS assumed as 5000 x lO"" 


su se ^ n 


-6 —6 , d-n \ 

= 4820 X 10 + 5000 X 10 ( " 


= 4820 X 10 


-6 


T" 


,d-nv 

1 + 1.037 (— ) 


value of n shall be found by trial and error. 
Assume n = 4.7 cm 

= 4820 X 10"^ |l + 1.037 
= 10980 X 10“^ 


Prom the graph stress in steel when the strain is 
10980 X 10 IS 

47" = 14650 kg/cm^ 

su 
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Strain in tension mild steel at ultimate load 


= £ ) 

^ n ’ 

= 5000 X 10"^ ( ) 


= 7750 X 10 


-6 6 

Corresponding stress = 7750 x 10 x 2.1 x 10 


= 16300 kg/cm^ ;7 (T , 


* n The mild steel in tension yields at tke 
ultimate load. 


Strain in compn. mild steel 


=^(~) 


= 5000 X 10“^ (^4^ ^ 
“6 1 

= 5000 X 10 X ■— 


1740 X 10 


Corres ponding stress in Compn. steel 


= 1740 X lO"^ X 2.1x10'^ 
= 3650 


Compn^ ©Hd steel also yields at ultimate load. 



Total tension in the section 


rp ~ _ A 111 

■^u ~ X CT^ + A . X — 

st su st ^ sy 

= 0.77 X 14650 + 0,565 x 5200 

= 11280 + 1810 = 15090 kg. 

Total oompn. in the section 


( 2 ) 


0^ = b X a X 2/3 O-;^ + a“_, X <r y 


(3) 


= 10 X 0.8 X 4*7 X 2/5 X 450 H- 0.565 X 5200 


= 11500 + 1810 = 15110 


ri 


■r n 

u u 


'• Adopt n = 4.7 cm. 


f 

^ 





d-, — 

■ — — 



w. 






* m 

F#g- A" 2. * 


Position of the total compn. from top 


11500 X 1.88 4- 1810 X 5 

15110 


21250 4- 5450 
15110 


M 

u 


2 6680 

13110 

11280 X 
11280 X 

95400 + 


= 2.04 om 

( 10.5 - 2 . 04 ) + 1810 X ( 12 - 2 . 04 ) 

8.46 + 1810 X 9.96 

18000 = 113400 


Ultima'te moment capacity of tlie beam section 

= 113>400 kg. cm* 






IC=1/13 for 
specimen 1 


P P 
u u 



KP 


u 



riGr. A. 3 B-M Bia^am 
for the specimen 


PIG-.a#4 Collapse 
Mechanism 




CiJiCHLATION OP UXIIMATE LOiJ) PROM COLLAPSE IffilOHANISH: 

< H i. ■■II ■■ I I I r* IIIW I I ■ n I I ■■ ■■■ — w— I h i ■■III! M il — 11 — < 1 ^ 

Load particulars of the frame and the bending 
moments at the salient points are given in Figure A-3* 
The combined mechanism failure which giv^s the least 
value of ultimate load on the specimen is shown in Pig. 
A~4. 

By the principle of virtual work, equating the 
expressions for w^ork done by the external forces and 
energy abBorlsod springs. 

K M + i I I . Mj) ^ 
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or 


= 3(M + M.) 

tJ 

(1+2K)I 


(4) 


OVERALL LOAD FjiOTOR; 

Max. B.i'I. in the beam = 0. 213 

Taking the load factor of the beam as 1.5 

Ultimate moment in the beam Mv = 1.5 x 0.213 P L 

D W 

= 0.320 P L 
w 

Ultimate moment capacity of the 

section = 113-4 t.cm. 

0.320 L = 113^4 Substituting L = >50 cm 

Working load P^= 2.36 t. 

Maximum 1*M at the ^oint = 0.1?2 P^l 

Taking tie load factor of the joint as 2.2, the 

ultimate moment at the joint M = 2.2 x 0.172 P I- 

J w 

= 0.379 PJ 
w 
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5 X 2.185 X 113.4 
1-154 X 150 


- 4.30 t. 


Overall load factor 


jx ^ 4.30 

p 2.36 

w 


= 1.82 


Des3.gn of OolumK Seotioii; 

Max. B.M. in the column = 0.172 P^L 
Taking load factor for the column as 1.7 i 
Ultimate moment in the column = 1.7 x 0.172 P^L 

= 1.7x 0.172 X 2.36 
= 103.5 t.cm. 


Ultimate axial load on the column 


Eccentricity = 


Moment 
Axial load 


1.7(^ X 2.56) 

=24 cm 

4.52 


DETAILS 0? THQ GOLXM SECTION AEB SIVEN IH PISUHE A-5 i 

Assuming that both compression and tension steel yield 

at failure lo ad, equilibrium equations are as follows: 
Force equilibrium, 

p, id" l3a+A“(Cl--|cr) - A® 
pi = - u Qu sc oy 3 cu st 

( 6 ) 


X 150 


.32 t. 


or- 

sy 





PIG, A-5 DEIAJT'S OP COTGT'l SECTION 


Taking moments about the centre of tensile steel, the 
moment equilibrium equation is 


(®u+2^-3)=| XTou a b (d - f ) + 


-^^sc ^ ^oy 


3 -3) 


(7) 


Compatibility equations are 


n = 


u 


6u 

su 


€*. (i-22)e„ 

SOU 


do 


(8) 

(9) 


where P* = equivalent eooantric load 


Sa 


b 

a 

d 


CT 


ou 


cr 


cy 


cr. 


sy 


= eccentricity at ultimate load 
= depth of section 

= width of section 

= depth of stress block: 

= effective depth of section 

cube strength of concrete 
= yield stress in steel in compression 
= yield stress in steel in tension 


_ m 

S = strain in compn. mild steel at the 
scu 

ultimate load. 
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Prom Eqn* (8) 


5000 X 10 "* X 12 

criAA -ia'"^ 3200 


5000 X 10 + 


= 9.2 cm. 


2.1 X 10 


a = 0 . 6 n or 0,43 d whichever is less 


O.Sn = 0.8 X 9.2 = 7.35 cm 


0 . 43 d = 0.43 X 12 . 0 = 5.16 cm 


a == 5. 16 cm 


From Eqn. (9) 


( 1 ) 5000 X 10"® 


3370 X 10 


cr' 

sou 


m ^ 

= e X E 


“6 6 2 
3370 X 10“ X 2.1 X 10 = 7080 kg /091 


which IS greater than CT^yt a^d hence the 
assumption that the oompn. steel yields is correct* 


Erom Equation (7) 

4320 (24 + 7 * 5 - 3 ) = 7 ^ 450 x 5-16 x 10(12 -- ) 


+ A (3200 - f X 4-50) (12-3) 
so ^ 



4320 X 26.5 = 145,700 + 26100 A “ 

SC 

123000 = 145,700 + 26100 a “ 

SC 

IProm this IS negative and is taken as zero. 


Putting 

sc 

= 0 

in eqns 

. ( 6 ) and 

(7) 


P’ 

2 

“ 3 

<r 

cu 

b a 

- A 

st 

cr 

sy 

(10) 

P» 

( ^LL 

do 

- 3) 

=t 2 CT' 

3 cu 

a (d - |) 

(11) 

Prom Equation 

(11) 






4320 (24 + 7.5-3) =§• x 450 x 10 x a (d--) 

5 2 

123000 = 3000 a (12 - |) 

123 = 36 a - 1.5 

a = 4* 1 cm <1 0.43 d 

Prom Equation ( 1 0) 

4320 = 2/3 X 450 X 10 X 4.1 - x 3200 

A III 2 

= 2.50 om^ 

2 

©iree bars of 12 mm giving 3.39 om area are 


provided on tension side. On compression side nominal n 
reinforcement of two bars of 6 mm dia. are provided. 



lESK^N OP JOIM' SECIIQH OH OQITTMW STTiR; 


Ultimate moment at the joint with a loaJ factor of 2.2 

= - 2.2 X 0.172 P,„I 

w 

= 2.2 X 0.172 X 2.36 x 150 
= 134.0 t.cm. 

Axial force =2.2 P^) 

= 2.2 X II X 2.36 == 5.6 t 

Eccentricity -e = — = 24 cm 

a - 0*45 X 12 = 5*16 cm 

Details of the section are some as in Figure A-5 except the 
value of P*. 

From eq.n* (7) 

5 16 

5600 (24 + 7.5 - 5) = 2/3 x 450 x 5.16 x 10(12---^ ) 

+ (3200 - I X 450) (12-3) 

m 

159500 = 145,700 + 28,800 

m 2 

A = 0.48 cm 



From eqn» (6) 


5600 = ^ X 450 X 10 X 5.16 + 0.48 (3200--X450) 

3 3 

“ A . CT" 
st sy 

5600 = 15480 + 1390 - x 3200 

a“^ = 3.52 cm^ 

In addition to the 3 bars of 12 mm extended from the 
column into the joint portion an additional 6 mm bar is 

provided. Total area of reinforcement on tension side 

2 

will be: 3^39 + 0.285 = 3*675 cm . On compression side two 
bars of 6 mm are extended from the column portion^ 

Design of Joint Section^ Be am Side; 

Ultimate moment at the ^oint = 2.2 x 0.172 

= 134*0 t cm. 


Axial force = 2.2 x 0.172 P^ 

= 2.2 X 0.172 X 2.36 = 0.892 t 

c 

Moment opacity of the ^oint req.uired = 134*0 t.om* 

Moment capacity provided by the beam section = 113*4 t.cm. 

Balance to be provided for = 134*0 - 113*4 = 20.6 t.cm. 

Bccentrioity = = 23*1 cm* 

0,892 



* 


I o Crv) 



PiaUEB A-6 extra RBIEEOKIEMSE-T at the joiet 

OE -BSALI-SIIE. 


Assuming that both oompn. and tension steel yield at 
failure load from force equilibrium condition, 

892 = Ago X 3200 - x 3200 (12) 

Erom moment equlibrium condition, taking moments 
about the centre of tension steel, 

892 (23.1 + 4.5) = Ag^ x 3200 x 9 

m 2 

Ago = 0.854 onT 
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Prom eq,n. (12) 

^ 5200 = 892 

(0,854 - = 0.278 

3200 

A„+ = 0.575 om2 


Alternately, if the axial force is neglected, the 
reinforcement required at top and bottom to take the 
additional moment of 20,6 t cm is 

Ag“ X 3200 X 9 = 20.6 x 1000 




= 0.723 Dm2 

3200 X 9 


Therefore one bar of 12 mm dia is provided at top and 
bottom in addition to uhe reinforcement extended from the 
beam. 


1E3IGN OF SHEAR HEIIIFOSCEICTT CT THE 


it P 

-rr 



Pu 

Pu 

93 N 

'' Vs > 

f 

A 



j 

I 


r - - - ^ 


O- (72. Pj 


it 


is R 


I3 


u. 


PltJUES A-7 FHESBODY DIAGRAM OP THE BEAM PORTIOH 
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14 

Maximum shear in the beam = 

= 1*08 X 4-30 = 4.63 t 

ihe section is also subjected to axial compression 

= 0*172 = 0*74 t, 

Failure against shear is provided by adopting the safety 
factor for shear as 1.2 times the load factor of the 
total failure mechanism. 

Desired shear capacity = 1.2 x 4*63 = 5-57 t* 


Allowable shear stress as per ACI Oode in concrete 

% = 0.79 ^ ^cu I” ^ 

where P - axial load^plus if compn. and minus if tension 
Aq = gross area of section = 150 sq.cm. 


(1„ = 0.79 / 0.8 X 450 (1 + 0.025 z ^ ) 


740 

150 


=15.9 kg/cm" 


Allowable shear force on the section without shear 
reinf 0 icement = 15*9 x 150 = 2390 kg* 

Shear force to be provided by shear reinforcement 


— 5570 - 2390 = 3180 kg. 
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0*S* 


where 


Using 


area of vertical stirrups required 




Q'u ^ ^ 

0.850-3y d 


= ultimate shear to be carried by the web 
reinforcement alone 

== 3iao kg. 

s = spacing of stirrups 

^sy = yield strength of web reinforcement = 3200 kg/cm 


6 mm dia. two legged stirrups 


Q = 


A X 0,85 CT" d 
^w sy 


Q' 


u 


A^ = 0.283 X 2 = 0.566 


2 X 3200 X 12 
3180 


= 7.8 cm say 8 cm. 





jipPEHDn: - B 


TfmimTB LOADS OF SIMPLY sLPPceiED mAm 


Beam - 1 : Siinply sup‘}orted unbonded prestressed concrete 


bean 


SO 


C nr\ 

I 50 


50 


10 cm^ 


3 cm. 


9 cm. 


> 

3 cm. 


o o- 


m^s* 2 bars 6 imru 

0*565 om 


10,5 cm. 


, — 4— “H*T.S,2 wires 7™, 
^ 0.77 om- 

A»5 cm* 

— ^m.s. 2 bars 6 mm, 
0.565 cm 


SECTIOF AT C&L 


Pia. B-1 LEIAILS OP SPAF.SECTIOF 01 SUPPLY SUPPCRIED 
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with the same notation as adopted in Appendix - A, 

= 4820 X 10“® (1+ 1.037 ) 

6U V -Q / 

value of n hy trial and error method : 

Try n = 4.2 cm 

= 4820 X 10“^ (1+1 .037 

= 12320 X 10 ~^ 

(> 2 

Prom graph (Pigure 3*4) = 14850 kg/cm 

lotal texLsxon = 0,77 x 14850 + 0#565 x 3200 

= 11420 + 1810 = 13230 

Total compn. = 10x0*8x4#2 x 2/3 x 500 + 0*565x3200 

= 11280 + 1810 = 13090 

0 

• 0 


adopt n = 4*2 cm 



Distance of of Total compression from top 


11280 z 1,68 + 1810 X 3 
11280 + 1810 


= 1 #9 cm^ 


Taking moments about the line of action of total 
compression 

= 11420 X 8.6 + 1810 x 10.1 

= 98200 + 18300 

= 116,500 kg^ cm. = 116.5 t.cm. 

♦ Ultimate moment capacity of the beam section 

= 116,5 t, cm. (1) 


Max bending moment in the beam at C or D 


\ ^ 3 


150 p 
3 u 


= 50 t.cm. 


( 2 ) 


Equating the B.M. and moment capacity from (1) and (2) 


50 P^ = 116.5 







^Therefore theoretical ultimte load on beam 1 = 2»33 t 

Ultimate load obtained from the static load test 
on beam 1 « 2,24 t# 

The theoretical ultimate load is found to tally 

v/ith the experimental value, when no reduction factor 

for unbondedness is used* Therefore for all the 

calculation of ultimate moment capacities of the 

unbonded prestressed sections for the beam portion 

in all the frame specimens no reduction for uhbond^dneea 
was used. 

Simply supported beam without prestressin^:* with 
reinf oroement ^bonded, (Beam**2) 



FIG-. B-2 : IfflTAILS OP SECTIOIT OP BPAM-2 
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2 

Cube strength : 450 kg/om 
Value of n by trial & error ; 


Try n = 4-25 om 


-6 


^ = 5000 X 10 

.n-6 (10.5-4.21), 

^ t= 5000 x 10 4 ,^ 


= 7350 X 10 


-6 


Stem graph (Figure 3.4), kg/cm 


.^-6 . 12-4. 25 a 

f = 5000x10 (- '4.25^^ 

^ SLC 

" —6 
= 9130 X 10 

•m ,2 

From graph (Figure 3.5) = ^200 g./cm 

= 5000x10“^ 

^ SC 

—6 

= 4700 X 10 

lh , / ™2 

/T,- ■3: C" = 3200 kg ./cm 

prom graph (Fig* 3.5), '*^^1. 
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Total tension T^ « 0. 77^13200 + 0.565x3200 

= 10,170 + 1810 = 11,980 kg. 

Total oompn. ® 10x0.8x4.25x2/3x450+0.565x3200 

« 10200+1810 = 12,010 kg. 

T c? 0 
u u 

, « adopt n ! 4.25 om 
a - 3.4 cm 

o.g. of total compn, from top : 

10200 X 1 .7 + 1810 X 3 
12010 

1 ,9 om, 

Taking moments at out the position of total compression 

= 10170 (10.5-1.9) +1810 (12-1,9) 

== 87,500 + 18,300 

= 105,800 kg. cm, (3) 

lax B.M. in the beam at C or I) = x 


= 50 P^ tcm 


(4) 



Prom (3) and (4) = 2.12 t 

« 

• * Theoretical value of ultimate load on the beam 

= 2.12 t 

Ultimate load obtained by static load test on 

beam - 2 (from Pig. 3.17) : 2.4 T. 

Therefore in this case also the theoretical and 
experimental ultimate load values are closely agreeing 



APPEiroiX - G 


RE-BVAlTJATiClI OE UL5IIIAIE STSBECTH OE SPECnffiHB EASED 
OE ACTUAL CUBE STKEITCTH OE SEECBiEU-l 


Tested cube strength of elements = 540 kg/os? 


Tested cube sfcrength of joinbs = 517 kg,/cm^ 


Ultimate moment of beam section 



EI&. CJ DETAILS OE BEAI,I SECTIOF 


with the same notation as that in Appendix - A» 



Su 


4820x10 
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Value of n by trial and error method t 


Try n = 4.1 cm 




4820 X 10“® 1+ 1 .037 ■(1P*5-4»1), 

4* J 


= 12600 X 10 


from graph (Pig. 3.4), CTl,, = U900 kg/om‘ 


Total tension = 0.77 x H90O + 0.565 x 3200 


= 11470 + 18t0 « 13,280 kg. 


Total compression 0^ - 10x0.8x4.1x2/5x540+0.565x3200 


= 11800 + 1810 = 13,610 kg. 


T G 


Therefore adopt n = 4.1 cm 


Distance of centre of gravity of the total compression 


from the top edge 


11800 X 1 .64 + 1810 X 

TsSio 


1 .82 cm. 
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Taking moments about the position of total 
compression 

= 11470 (10.5-1 .82) + 1810 (12.0-1 .82) 

= 99,500 + 18440 = 117 , 940 kg. cm. 

Ultimate moment capacity of .loint on beam side 

Cube strength of concrete of the joints = 517 kg./cm^ 



= 3 bars M.S., 2 of 6 mm + 1 of 12 mm 
■^•st “ ^ wires H.T.S, 7 mm dia. 

A® = 2 bars 6 mm + 1 bar 12 mm «f M.S. 


S'lU. 0-2 ; DETAILS OP JOIBT SECTION OH BEAM SIDE 
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Try n = 4.15 cm j- 


a = 0.8 X 4.15 = 3.320 cm 



= 4830 X 10“^ 


— 

1 +1 .037 


(10.5-4.1 

4.15 



= 12450 X 10“^ 


Erom graph (lig. 3-4), 

Cr/ = 14350 kg/cm^ 

U 

Total tension T^ = 0.77 x 14850 + 1 .695 x 3200 

« 11420 + 5420 = 16840 kg. 

Total compression = 10x0.84x4.15x2/3x517+1-695x3200 

= 11440 + 5420 = 16860 kg. 

T ^ C 

# 

« • adopt n = 4.15 cm 

C*Gr. of compression force from bottom 

= 11440 X 1 .66 + 3420 x 3 

16860 


= 2 ..09 cm 
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. . 11,^ « 11420 (10.5~2.09) + 5420 (12~2.09) 


« 96200 + 53,700 = 149,900 kg. om. 

Ultimate moment capaciliy of the nomt on column side 


*= 2 bars M^S. of 6 nn 
so 

A?4 . = m;s. 5 bars of 12 i- 
+ 1 Of 6 SI. 


I'la* 0-3 : DE0?AIliS OB' JOim SEOTIOU OF COIUMr SIDE 

Using the same notation as in Appendix A, 

Try n « 5-8 cm 

a e 0-8 X 5-8 = 4-64 cm 


Cube strength = 517 kg-/ci£ 


^3 9 |cn^ ^3 cm 



^ 

O 1 0 

_l 


A'v 1 

ec ‘ 

O ^ o 

[ 



5C U- 


5000 X 10”^ X 


-6 


= 2420 X 10 
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From graph (Fi.®ire 3-5) 

“3150 kg/om^ 

Prom eg,ii ( 6 ) of Appendix - A 

P = 2/3 X 517 X 4.64 x 10 + 0.565 x 3150 
- 3.673 X 3200 

* 16000 - 1780 - 11750 = 6030 kg. 

From eqn. (7 ) of Appendix A 

(24+7.5-3) P' = 16000 (12 - ) + 1780 x 9 

= 171,000 

♦ , 

• » P = 6000 kg^ 

• I 

. . The value of P obtained from the two formulae is 
approximately tallying. 

Therefore adopt n : 5.8 cm. 
y[^ = 6000 X 24 = 144,000 kg. cm. 

, . Moment capacity of Joint section on beam side = 144.0 

t .‘cm. 
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Load factors 

Ultimate momenb capacity of the beam = 117*9 t.cm. 
Ultimate moment capacity of the joint on beam 
side = 149.9 t.cm. 

Ultimate moment capacity of the joint on column 
side =144 t.cm. 


' • • B!|j » 117.9 t.c m., = 144.0 t.cm. 

Beam load factor =1.5 

1.5 X 0.213 P„L : 117.9 

w 


* 0 



117.9 

1 .5x0.213x150 


= 2.46 t. 


P, X 0.172 P L = 144.0 
J w 


. * ]? = 


144 eO 


^ 0.172x2,46x150 


= 2.27 


Theoretical ultimate load carried by the frame 


, _ 3 (yM^) 

^U 


(1+2K) 1 
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« iim.4^^0). .4.53^ 
(1+23:-| j ) 150 


pT 

. . overall load factor = = 1.84 


Load :^aotcirs reevaluated based on the experimental values 
Of ttltliaate load on the specimen - 1 obtained by the 
experiment ; 


== 5.45 t, 

working load applxed on the specimen during the experiment 
\ = 2.46 t 




5.45 

4.53 


1 .20 


Since the working load is same and the ultimate is changed 
the revised load factors are obtained multiplying the 
earlier values by 1 .20 

Revised value of overall load factor = 1,84x1.2=2.21 
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= 1 .2 X 1 .5 = 1 .8 
= 1 .2 X 2.27 = 2.72 

Load factors obtained on the basis of theoretical 
ultimate load are given in Table 3.4 and those based on the 
experimental ultimate load are given in Table 3.5. 



APPEIIDIX D 


IiISO? ® HEFMSMJES 


1 ♦ Indian Standard Code of Practice for plain and 
reinforced concrege (IS:456-1 964> including the 
amendments later on) . 

2^ American Concrete Institute Standard building code 
requirements for reinforced concrete (ACI 3IB*-1963)* 

3* "Proposed Revision of ACI 318-1963” Jnl* American 
Concrete Institute, Pebt 1970, 

4# British Standard Code of Practice for Reinforced 
Concrete, CP IH-'IS^? (with amendments upto 1967) 

3 * leinhardt , jPriz ^Prestressed Concrete* design and 
construction* W*Earnst 1964? Berlin. 

6* Mirashev V*!.. ,Sigalov, E.Y., Baikov, 'V'.R'. , *])esign 
of R.C. Structures*, IHR Publishers, Moscow 1968i 

7# "CEB-PIP International recommendations for the 
design and construction of concrete struct'ures" , 
Comite European Du Bet on bulletin no .72 > June 1970 « 
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Q# ASCE Comentary on Plastic Design of Steel 
Structures 1971^ 

9* Roire, R.E^, QRMBTO^, W.B., and BESO?, B.C., ^Kfew 
Concepts in the design of structural concrete^ 
Structural Engineer, jKFov* 1965# 

10^ SHXEWAffilE, ’Ultimate load design of R.C •Sections 

in accordance with is* 456-1964’ Indian Concrete 
Journal, UoVf 1965*. 

11* A0I~ASCE Coimnittee 512 report on ’Suggested design 
of joints and connections in precast structural 
concrete*. 

12* PCI Committee '^Connection details of precast prest- 
ressed concrete buildings* Jnl. PCI Oct. 1963# 

13* Irii3^D#iB., and Raths C.H., ’Connections in precast 
concrebe structures - bearing strength of column 
heads* Jnl# PCI Dec. 1963, PP 45* 

14# Kriz. I.B#, and Raths G.H#, ’Connections in precast 
concrete struetures -Strength of Carbels* Jnl PCI, 

Peb. 1965, PP 16-61 . 

15* Burton. K*!#, Corley U.C., and Hognestad E*, 

’Connections in precast concrete structures - effect 
of repeated creep and shrinkage* Jnl PCI, April 1967, 

PP 18-37. 
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16 » GBRFEN 7.H», * Joinary in precasi: concsraiie^ Jnl* AOI, 
Oct* 1962* 

17# Blast ^Auxiliary reinforc^ent in concrete oonnee- 
tions», Pro* iSCE SO?. June 1968, 

18* Birkelancl P*W*, & Birkeland H*W*, ^ Connection in 
precast concrete construction* Jnl PCI March 1966, 

‘ P5P 345-367, 

19* Hanson H.Vf. and Connor H*W* * Seismic resistance of 
E.C* beam column joints* Jnl- SI# Pn,, Proc* ASCE 
Oct 1967, PP 533 • 

20, PCI seismic committee * Principles of the design 

and construction of Earthquake resistant prestressed 
concrete structures* Jnl PCI, June 1966 PP. 18-22; 

21* Elliston W*J. *Connections between precast beam to 
column members* Jnl PCI, Aug. 1963* 

22. fettock * Redistribution of design B .Ms in E.O. 
Continuous beams’ Pro. I.C.E 1959, PP 35* 

25. Earnst . G- *Moment and shear redistribution in two 
span continuous R.C. beams. Jnl ACI, Nov. 1958. 

24. Sinha. B.P., Cerstle K,H, and lulin L.G., *Stress- 
strain relations for concrete under cyclic loading. 
Jnl ACI, Peb. 1964, PP 195-211. 
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25* Shaw fi.F. ana Sushll C^tendra ‘Fraoture of conoreta 
subjected to oyelio and sustained loads* Jnl. ACI 
Oct. 1970, EF-816, 

26. Sinha B»P«, Geretl® K.H, and !Pulin Ii.G. 'Eesponse 
of siagly fslnfctroed beaan to oyclic loading* Jnl» 

ACI, Aug. 1964, PP 1021-1037. 

27. Agrawal. G.I., lulin 1.G, and Gerstle. Z.H., 'Response 
of doubly reinforoed concrete beams to cyclic loading 
Jnl. ACI, July 1965, ?P 823-833. 

28. Verna. E.J, Stelson B.T, 'Failure of small R.C. 
beams under repeated loads' Jnl ACI Oct. 1962 
PP 1489-1504. 

29. Verna R.J., Stelson E.J., 'Repeated load effect 
on ultimate static sSrength of concrete beams’ 

Jnl ACI, June 1963, PP 743-749. 

30. Ruiz W.M- , Winter W.G., 'R.C. beams under repeated 
loads', Pro. ST. In. ASCE, June 1969, PP 1189-1205. 

Burns. R.H-, Seiss C.P. 'Repeated and Reversible 
loading in R.C.' Pro. ST. In. ASCE, Oct. 1966, 

PP 65-78. 


31 . 
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32« Gerstle. K*H*f and fulln. Z.Q*, * looretsacdsal 
dafonoatioQ of lusder reloforoad concrete beams' 
Magaaine of oaosrete rsaeaeb, Deo. 1971, Ef-ISI, 

33. Qaretie p:*I. eto, 'strata hardening of E^'. 
jjagaalna of ooaorete research, Dec. 1969. PP €11-220. 

34. T’^nutl W.J. 'A statistical approach to analysis of 
fatigue failure of E.C. beams' Jnl. AOI, Eov. 1965. 

PP 1375-1391 . 

35. Sawko 'Datigue of concrete and its effects on 
prestressed concrete beams' Magazine of concrete 
research March 1968, PP 21-30. 

36. Price. K.M. 'Fatigue strength of prestressed concrete 
flexural members' Pro, I.O.B. Oct. 1970, PP 214. 

37. Coles C.C. and Hamilton W.A. 'Eepetitive Dynamic 
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